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I N T R O D U C T I O N 
ORIGIN OF INFRARED TRANSITIONS 
Infrared (IR) spectroscopy is usually divided into 
three regions, 
Near (IR) Mid (IR) Far (IR) 
12/GOO cm""'' 400 cm" 200 cm~ 10 cm~ 
The f a r - IR r eg ions d e a l s w i t h the p u r e r o t a t i o n a l 
motion of t h e rrralecules. I f we assume t h a t a d i a tomic mole-
c u l e s heh^vea l i k e a s imple harmonic o s c i l l a t o r / then the 
energy of V i b r a t i o n ( E v i b y i s g iven b y , 
Evib = (v + Jj) h^ • (1) 
The t r a n s i t i o n e l e c t r i c - d i p o l e rroment i n t e g r a l Ainm i s given 
^^  f * 
ylinm =\\b^ja^m dC (2) 
where \Jy \L a r e the upper and lower v i b r a t i o n a l wave 
f u n c t i o n s and yU i s the e l e c t r i c d i p o l e moment. For pure 
r o t a t i o n a l motion u i s a constant. For v i b r a t i o n a l motion 
Ji w i l l change as a r e s u l t of t h e change of bond l ^ i g t h i f 
t he molecule has permanent d i p o l e moment to s t a r t w i t h . 
Thus t h e d i p o l e moment of a v i b r a t i n g molecule can 
be r e p r e s e n t e d as 
2 
/i(r) = }Xo . (f^), q . h ( 0 ) , q^  ( 3 ) 
v:here /io i s the permanent e l e c t r i c d ipo le moment/ and 
q = r - re where r e i s the equi l ibr ium bond d i s t ance . 
Fig (1) shows a typ ica l v a r i a t i o n of ^ with r . s u b s t i t u -
t ing Eq, (3) i n t o (2) and neglec t ing a l l but the f i r s t two 
terms in equation ( 3 ) , we obtain^ 
n = lU . ( 4 ) 
I t i s c l ea r tha t there w i l l be no t r a n s i t i o n , i f the 
molecule does not change^ i t s d ipo le momait during a v ibra t ion . 
This immediately excludes a l l homonuclear diatomic molecules 
for IR s t u d i e s . The se l ec t ion r u l e for a simple termonic 
v i b r a t o r i s j u s t ^ v = + 1. 
re 
Fig.d) . A typical variation .of dipole 
moment with Internuclear distance, 
3 
The r a t i o of the p o p u l a t i o n i n l e v e l v , Nv to the 
t o t a l p o p u l a t i o n N i s given by-/ 
^ . ^ ^ -EvAT ^ e - ^ ^ ' ' (5) 
N W - i L / k T z , , 
£ 1 
vJhere Z ., i s t h e v i b r a t i o n a l p a r t i t i o n f u n c t i o n . For most 
v i b 
d ia tomic molecules a t room t e m p e r a t u r e t h e popu l a t i on of t h e 
exc i t ed l e v e l s i s sma l l compared w i t h t h a t of t he ground 
l e v e l and s i n c e IR exper iments a r e a b s o r p t i o n s / we would 
exnec t o n l y a s i n g l e l i n e . However/ t h i s i s ha rd ly the c a s e . 
According to s e l e c t i o n r u l e ^ v = + 1 many abso rp t ion 
l i n e s a r e p o s s i b l e b u t the co r r e spond ing to v = o — ^ 1 
t r a n s i t i o n i s t h e s t r o n g e s t and i s c a l l e d t h e fundamental 
t r a n s i t i o n . The l i n e s cor responding t o t r a n s i t i o n v = o — ^ 2 , 
o — ^ 3 a r e v e r y weak and a r e c a l l e d " o v e r t o n e s " . 
SXP3RIMSUTAL TBCI^ NIQUSS OF IR SPECTROSCOPY 
F i g . {21 Shows the sche r t a t i c d iagram of an IR spec t ro -
mete r . The s o u r c e i s u s u a l l y a Nerns tg lower ( e l e c t r i c a l l y 
heated r a r e e a r t h o x i d e s ) , i i n c e t h e i n c i d e n t r a d i a t i o n i s 
no t monochromatic/ a monochromator i s r e q u i r e d to spread 
ou t t h e con t inuous emission so t h a t o n l y narrov; regions of 
the spect rum p a s s through t h e s l i t t o t h e d e t e c t o r , '• 
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The d i s p e r s i n g element i s u s u a l l y a p r i sm o r a 
g r a t i n g . A thermocouple i s used as the d e t e c t o r . Oompounds 
a r e u s u a l l y recorded i n t h e gas o r l i q u i d p h a s e . In the 
p r e s e n t work m i c r o p r o c e s s o r based CtBA - CORNING 2800 IR 
spec t ropho tome te r has been u sed . 
APPEARAMCS OF IR SPECTRA;DIATOMIC MOLSOTLBS 
I f t h e h i g h e r terms in eg (3) can n o t be neg lec ted 
then we must c o n s i d e r i n t e g r a l s of the type 
The i n c l u s i o n of t h e s e h ighe r terms can lead to the s e l e c -
t ion r u l e s v = + l / + 2 , However, s i n c e , 
,3 
'i)^'M'>e: dr ^ d r 
The a d d i t i o n a l l i ne s wi l l in general be very weak. 
Thus we have the strong l i n e corresponding to the v = 0 —^ 1 
t r a n s i t i o n , tha t i s , the fundamental t r a n s i t i o n and the addi-
t i ona l weak l i n e s corresponding to v = O — ^ 2, 0 — ^ 3 . . . . 
t r an s i t i ons which a r e ca l led over tones . I f the spectrum i s 
recorded above room tenperatures we can have the so called 
hot bands dUe to tne v = 1 ^ 2 , 2 —^ 3,—— t rans i t ions 
s ince a t higher temperatures/ the higher l eve l s wi l l be some 
\7hat populated, 
6 
Another way in which the s e l ec t i on rules v = O — ^ 2 , 
o —^ 3 , . . , . <jan a r i s e i s from the anhamronicit ies in the 
p o t e n t i a l funct ion. Real molecules can not behave l i k e simple 
harmonic o s c i l l a t o r s s ince nraleculeS/ d i s s o c i a t e a t l a rge value 
of r and acqui re very l a r g e amounts of energy as r , dec r ea se s . 
Fig. (3) shows the p o t ^ i t i a l energy curves for a 
simple harmonic o s c i l l a t o r and diatomic molecule. The equa-
t ion for the simple harmonic o s c i l l a t o r i s given by v ( r ) • 
2 
^ k ( r - re) s ince r e i s replaced by ( r - re) and 
there fore . of a l l the formulae proposed to f i t the curve 
for diatomic molecules the one by Mors® i s bes t knov;nt I t 
has the following form. 
V ( r ) = De 1 - e - a ( r - r e ) J ( r ) 
Where a i s a constant for a given molecule in a spec i f i c 
e l ec t ron i c s t a t e , De i s the spect roscopic d i s soc ia t ion s iergy 
and Do, i s g i v a i Fig. (3) i s the chemical d i s soc ia t ion energy. 
re 
Fig.(3) Potential energy curve for a diatomic 
molecule. The dotted line is for a 
simple harmonic oscillator. 
7 
The d i f f e r e n c e be tweoi De and Do g ives the ze ro p o i n t 
ene rgy . From eq (6) i t i s c l e a r t h a t a t r ^°<=> , 'v{C5=> ) = 
Da^^at r = r e / v ( r e ) = o . 
S ince the spac ing between the r o t a t i o n a l Clergy l e v e l s 
i s much s m a l l e r than t t e t be twe^i the v i b r a t i o n a l l e v e l s * i t 
i s p o s s i b l e t o o b t a i n p u r e r o t a t i o n a l s p e c t r a i n t h e mic ro -
wave r e g i o n . However, i t i s p o s s i b l e to o b t a i n p u r e v i b r a -
t i o n a l s p e c t r a s i n c e t r a n s i t i o n s between any two v i b r a t i o n a l 
l e v e l s w i l l no rma l ly always be accompanied by the s imul taneous 
change in r o t a t i o n a l ene rgy . Thus i t i s q u i t e ea sy to d e t e c t 
the r o t a t i o n a l f i n e s t r u c t u r e in w e l l - r e s o l v e d v i b r a t i o n a l 
s p e c t r a . The impor t an t consequence i s tha t , we can no longer 
t r e a t the r o t a t i o n and v i b r a t i o n as s e p a r a t e . The independent 
motion energy 
E^ = E ^ + E . , + E + (7) 
T r o t v i b e 
SELSCriQN RULES 
We o b t a i n t h e fo l lowing s e l e c t i o n r u l e s : 
Av = ±1, AJ = + 1,/IM = 0 + 1 
In c o n s i d e r i n g the energy of t h e molecule execu t ing r o t a t i o -
n a l and v i b r a t i o n a l m o t i o n s , we should keep the fol lowing 
p o i n t s i n mind: 
8 
i ) Due to cent r i fuga l d i s t o r t i o n tne energy of 
a r o t a t o r s tould be w r i t t e i aS/ 
E ^ . = BT (J + 1) - DJ^ (J + 1)^ (8) 
r o t 
2.1) The ro t a t iona l cons tan t B as gives in eq / as 
^ B = W^-^ c l cffi ) i s propor t ional to 1/r . 
However the average value of t h i s quantity<:^l/r ,/ 
, 2 i s not to 1/re / where r e i s the equil ibrium 
d i s t ance in f ig (3) 
Thus the value of B and a l so t t e t of D v;ill d^end 
on the amplitude of v ib ra t i on / t h a t i s , the v ib ra t iona l 
quantum number v , we w r i t e , 
Bv = B e - ^ ( v + i 2 ) • (9) 
Dv = De + p(v + h) — (10) 
WhereV and p a r e small c o n s t a n t s , the subscr ip t v denotes 
the V v ib ra t i ona l s t a t e and e , the hypothetical v i b r a -
t iona les s s t a t e . The De in equation (10) should not be 
confused with the De shown in f i g . ( 3 ) . 
i i i ) Since molecules a r e no t simple harmonic o s c i l l a t o r s 
correc t ions must be made for the anharmonicity 
we have, 
E ., = (v + h) h^/e - X ( v + h) hVe e ^ s 
v i b 
or Eyj^ ^ = (v + h)h^e - x (v + h)'n^e cm^ —— (11) 
9 
Where x i s a small p o s i t i v e oonstant and ve i s the funda-
mei ta l frequency f ve = (1/271 [^^J The energy for the 
v ib ra t ion ro t a t i on i n t e r a c t i o n 5^^/ i s then given by, 
5.,,. = B J (J + 1) - D J^(J + 1)^+ (v + h)ye - X 
v r V V 
(v + H)^ ve (12) 
Bach l i n e in a v ib ra t ion- ro ta t i ca i spectrum g e i e r a l l y 
corresponds to the change of the molecule from one p a r t i c u l a r 
r o t a t i on (and v i b r a t i o n a l ) l eve l to another . Neglecting 
antermonici t ies and cent r i fugal d i s t o r t i o n s * we have* 
^ E = B/J ( y + 1) + {v^+ h)ve - B^'^ (J + 1) - (v + J5) ve 
/ // / // 
s ince V = V + 1/ and J «= J + 1 we have* 
AE = v"e + 2B / + (33 - B^) J + (B.^  - B//) J 
*-• ^ r V V^  V V V 
If we assume that, B^ ^ = B^ /= B then 
A^j, « ve + 2B + 2BJ (13) 
Where J i s now the r o t a t i o n a l quantum number of the lower 
l e v e l . 
A v ib ra t ion - rotaticoi spectrum i s divided i n t o the 
so-ca l led p and R branches* as follows* Fig (4) shows the 
v i b r a t i o n - r o t a t i o n energy l e v e l diagram for a diatomic 
molecule. 
in 
J 4 
3 
2 
1 O 
3 
2 
1 O 
. — j c 
'< ' ^ . 
y < • > 
"".J \ . ^ 
<• " • 
>c-
V = O Pig.(4) 
LINEAR MOLECULES 
Linear molecules/ whether they possess permanent 
electric dlpole moment or not are* IR active if some of 
their vibrations produce an oscillating dipole, this is most 
clearly seen in the case of carbondioxide. There are two 
types of IR active vibrations. 
1) The oscillating dipole moment is parallel to the 
molecular axis, 0 c o, o c 0^ 
11 
This gives r i s e to the so-called pa ra l l e l band, Tte 
se lec t i (^ rules are Av = + 1# and ^ J = + 1. 
2) The osc i l la t ing dipjole moment i s perpeidicular to the 
molecular axis 
t (±i ©) ® 
0 C O O C O 
./ • 
This gives r i s e to the perpoidicular band. The selec-
tion 'rules are ^ v = + 1 and A J = O + 1, The AJ * O 
transi t ions a r i s e because a component of the e lec t r ic field € 
perpendicular to the molecular axis can excite the vibration 
without causing rotat ional changes. For a diatomic molecule 
this con^>onent of £ can not cause vibration unless the mole-
cule possesses a non-zero electronic o rb i t a l momentum/for 
example/ n i t r i c oxide. The ^ J = 0 t rans i t ion gives r i se to 
a new group of l ines called the Q branch. 
- / - ^U Q branch (J'=s J " ) : ^%^ = ve (v - v) « ve 
ST^ MMETRIC TOP MOLEOJLES 
If a molecule has an ax is of symmetry/ t h i s axis 
coincides with one principal axis of i n e r t i a . If a mole-
cule has a three fold axis (e .g . l ike 01,Gl) f ig.(5) the 
moment of ine r t i a about any three directions a t angles of 
120* in a plane perpeidicular to the axis of syninetry are 
1 ^ u 
equal , such a molecule i s a syirmetric t c p . s im i l a r conclu-
s ions apply to molecules wi th four-fold or higher axes of 
symmetry but not to a molecule wi th two-fold euces only . The 
term va lue for such molecules i s : 
P (J/K) a B (J) (J + 1) + (A - B) K^ 
where B = 5= , A = = 
Bff^clB S7T clh 
Where IB i s the moment of i n e r t i a about any two axes and lA 
i s the mom^it of i n e r t i a about the th i rd a x i s . 
For a given J d i f f e r e n t K values are poss ib le and a l l 
s t a t e s with K > O a re doubly degenera te . 
In f ra - red Spectrum - Se lec t ion r u l e s for symnetric top 
molecules i s 
i ) i f the change of d i p o l e moment or t r a n s i t i o n moment 
i s p a r a l l e l to the top ax i s then 
< ^ K = 0 , 4 J « 0 + 1 fo r K ^ O 
and ^ K « 0 , ^ J = + l fo r K = O 
i i ) i f the t r a n s i t i o n moment i s J^ the top axis then 
^^  K = + 1 , ^ J s =, + 1 
13 
Fig.(5): CIi,Cl molecule as a synnnetric top. 
in addition there are s e l ec t i a i rules concerned with 
the symmetric propert ies of the rotat ional a l so , l ike 
/ ^ + , - V^ -
where + and - refer to the overall syirmetry w.r.t. inver-
sion. 
GROUP THEORY AND NORMAL MODES OF VARIATION 
OF POLYATOMIC MOLECULES . 
Consider a molecule having N atoms. If we specify 
the positicm of. each atom in space with the cooirdinates / 
X, y and z, then there wil l be 3N coordinates for the ent i re 
system (molecule). Since the molecule tias t rans la t ional , 
rotat ional and vibrat ional motion, these 3N coordinates can 
be assigned to ^ c h of the motions in the following way: 
MOTION Degree of freedom required to describe the motion 
Translation (center of 
mass) 
Rotation (about the 
center of mass) 
Vibration 
2 ( l inear) 
3 (ncai-linear) 
3N-5 ( l inear) 
3N-6 (non-linear) 
I 4 
The v i b r a t i o n a l motion of a po lya tomic molecules 
may seem v e r y complex and i r r e g u l a r . However/ ca re fu l 
ana lyses have shovm t h a t t h e r e a r e c e r t a i n b a s i c v i b r a t i o n s 
t h a t can s e t t h e molecu le i n t o a p e r i o d i c o s c i l l a t i o n in 
which t h e n u c l e i a l l i n p h a s e , t h a t i s , t hey a l l pass 
through t h e mean p o s i t i o n a t t h e same t i m e . These un ique 
v i b r a t i o n s a r e c a l l e d normal modes o r normal mod^ of 
v i b r a t i o n . They a r e of e s s e n t i a l i m p o r t a n c e , i n v i b r a t i o n a l 
a n a l y s i s s i n c e any a r b i t r a r y v i b r a t i o n of t h e molecule can 
be d e s c r i b e d by a s u p e r p o s i t i o n of t h e normal modes. Dep@i-
ding on t h e p a r t i c u l a r molecule t h e s e normal modes a r e 
a c t i v e e i t h e r i n IR o r Raman o r b o t h . 
NORMAL MODE, ANALYSIS 
The p o t e n t i a l energy V of a molecu le can be given 
in t h e form of a Tay lor s e r i e s . 
V , vo + 1 ( 5 ^ ) , ql * ^ f ^ Sqi^qj >o ^' J^ ^ •• 
(14) 
where q i , qj . . . . a r e the coordinates of nuclei , l , j . . . . and 
the subscript zero indicates the equilibrium state of the 
15 
molecule. Since Vo-, i s the p o t a i t i a l in the equil ibrium 
s t a t e and therefore a cons tan t , we can a r b i t r a r i l y c a l l i t 
z e ro . The term ( •^vAqi)o corresponds t o the minimum of 
the p o t e n t i a l Clergy curves and i s therefore a l so s e t to be 
ze ro . Neglecting a l l the higher terms except one in eq (14) 
vre have. 
V = k r 2 r (_2ji 
*^  i j \q±^ ^ i ^ j o 
_ ^ Z. ^ b . qi q1 i J "ij "^^ "^  
) qi qj (15) 
Where, b^^. = {<^ v^- jq i^q j ) ij ^ '''^'^ 
Simi la r ly , the K.E.T. of the molecule can a lso be 
wr i t t en as a s e r i e s , t h u s , 
T = h ( a i i < l ^ + a22q^ + + l^^^^i^ 
+ + 2a^3q^q3 + + 2b23q2q3+ ) (16) 
T = ^ ^ i ^ a^j4i qj ^ (16) 
where q = dq/d t and the a ^ j ' s a r e functions of the mass 
of atom. 
Equation (15) and (16) can be used to const ruct the 
hamiltonian to be used in the Schrodinger equat ion. However, 
16 
the cross products of the type qiqj p revent the separation 
of v a r i a b l e s . This problem can be solved by using the normal 
coordinates Q, such that« 
CL.Q. + C^^Q^ + C.^Q, *- : 
L1 1 12 2 13 3 
q = C Q + C Q + C Q + — — — 2 2 l " l 22 2 23^3 
q i = Ci^Qj^ + Ci2Q2 + 01303 + 
(17) 
By s u i t a b l e choice of the coe f f i c i en t s d k of th i s 
l i n e a r transformation i t i s poss ib le to w r i t e T and V in 
terms of the new coordina tes / as 
^l Q3n^ 
(18) 
and 
V = h (A^Q^ + >2°2 -^  - - - -^  ^ ^ ° 3 N \ 
%2)SLQi^  (19) 
Where / U 2 2 
We can now proceed to solve the Schrodinger time-
independent equation of the v ib ra t ion problem. For each 
normal coordinate Qi/ t ha t i s , fo r each normal mode, we 
have/ 
Hi.i = (Ti + Vi) 
opera tor 
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Thus we have* 
•^ 2 ^2}^(Qi) + ^ ^ Q?jZ/(Qi) = Ei)^(Qi) (20) 
The sum of the t o t a l v i b r a t i o n a l e iergy i s giv«i 
by 
3N-5,6 
"vib ~ "1 - "2 " " ~ ' "3N- - - - ^ E„., = E, + E. + + S->j .5 ,6 -2r ^^ ^^^^ 
Where Ei = (v + h) h i ) i / the t o t a l wave functicxi i s given 
by 
)^vib= ^ ^ Q l ^ ) ^ < ° 2 ) % ^ S N . 5 , 6 ^ 
3N-5,6 
= ][• p (Qi) (22) 
Where the subsc r ip t v denotes the p a r t i c u l a r v ib ra -
t i o n a l l eve l and i the p a r t i c u l a r normal mode. The wave 
la given by function for the v s t a t e i s
U^^ i^ ) " NvHtf ( ^ ) e " ' ^ (23) 
Where Nv is a normalizing constant givoi by 
2 v 
•J 
^o -^-—-* 4 77* mrf 
And V i s g ivs i by/^7t where, C7<^= j^ 
Hw (C) i s a Hermite polynomial of order v . Equaticn (23) 
wr i t ing Qi for"^we have for the ground s t a t e 
y> (Qi) = ( - - i - ) ^ e x p =^^-^ (24) 
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And for the f i r s t exci ted s t a t e / 
l^-(Qi) «(—I )^ Qi exp "^^^^ (25) 
Thus by assuming the simple harmonic o s c i l l a t o r model we 
have broken the v i b r a t i o n a l motion of the molecule down in to 
3N-.5 or 3N-6 simple harmonic o s c i l l a t o r in the normal coordi -
nates Qi. 
From the group t h e o r i t i c a l p o i n t of view the molecules 
having Ca symmetry has A '^— A allowed t r ans i t i ons e .g . 
ortho-hydroxy Benzaldehyde i s a such molecule. The u l t r a -
3 
v i o l e t and IR spectrum has b e ^ recorded by Upadhya e t . a l 
and they have reported 26-planer ( a ' ) and 9-nonplaner 
(a") f r e q u e n c i ^ along with some combinations and overtones. 
They have a l so reported hydrogen bonding. 
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Atoms or atomic groups In molecules are in continuous 
motion vdth respect to each other . The possible vibrational 
modes in a polyatomic can be viisualized fran a mechanical 
model of the system. Atomic matases are representei^ by b a l l s . 
Their weight being proportional to the corresponding atomic 
weight, and arranged in accordance with the actual space 
geometry of the molecule. Mechanical springs* with forces 
that are proportional to the bonding forces of the chemical 
l i n k s , connect and keep the ba l l in positions-of balance. 
If the model i s suspended in space and struck a blow^ the 
ba l l wil l appear to undergo random chaotic motions. However, 
if the vibrating model i s observed with a stroboscopiG l igh t 
of variable frequency certain l igh t frequencies wi l l be found 
a t which the ba i l s appear to remain s t a t i a i a r y . These repre-
sent the specific vibrat ional frequencies for these motion. 
For infrared absorption to occur, two major conditions 
must be fu l f i l led . F i r s t the energy of the radiation must 
coincide with the energy difference between the excited and 
ground s t a t e of the molecule. Radiant ^.ergy wi l l then be 
absorbed by the molecules, increasing i t s natural vibration. 
Second the vibration must en ta i l a change in the e lec t r ica l 
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dipole nroment; a res t r ic t ion which distinguishes infrared 
from Raman spectroscopy. 
Stretching vibrations involve changes in the frequen-
cy of the vlbraticw of bonded atoms along the bond axis . The 
vibrational modes for a methylene group are i l lus t ra ted in 
f ig . ( 6 ) . In a symmetrical group such as methylene there 
are ident ical vibrational frequencies. For example, the 
syninetric vibration (b) occurs in the plane of the paper and 
also in the plane a t r ight a n g l ^ to the paper. In space 
these two are indis t inguisteble and said to be one doubly 
degenerate vibrat ion. 
(a) (b) (c) 
(d ) (e ) ( f ) 
Fig. (6)! Vibrational modes of the 
H — C H group. 
2 
(a) Synraetrlcal s t r e t c h i n g 
(b) Asymmetrical s t r e t c h i n g 
(c) Wagging o r ou t -o f -p l ane bending 
(d) Rocking or asymmetrical in-p lane bending 
(e) Twisting or ou t -o f -p lane bending 
(f) Scissoring or sytranetrical in -p lane bending. 
In the syirenetric s t r e t c h i n g (a) there w i l l be no 
change in the dipole moment as the two hydrog^i atoms move 
equal d i s t ance in oppos i te d i r e c t i o n s from the carbon atom« 
and the v ib ra t ion w i l l be in f ra red i n a c t i v e . In (b) however, 
t he re w i l l be a change in the d ipo le mom&it s ince during these 
v ib r a t i ons* the c o l t e r s of highest p o s i t i v e charged (hydrogen) 
and negat ive charged (carbon) w i l l move in such a way tha t 
the e l e c t r i c a l center of the group i s d isplaced from the carbon 
atom. These v ibra t ions w i l l be observed in the infrared spec-
trum of the methyl, group. 
When a three-atcMn system i s p a r t of a l a r g e r molecule, 
i t i s pos s ib l e to have bending o r deformation v i b r a t i o n s . 
These a r e v ibra t ions which imply movement of atoms out from 
the bonding a x i s . Four types can be d i s t ingu i shed , 
1) Deformation o r Sc i s so r ing : The two atoms connected 
"to a cen t ra l atom move towards and away from each other 
with defonnation of the valence ang le . 
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2) Rocking o r in-p lane bending; The s t r u c t u r a l un i t 
swings back and fo r th in the sytnnetry p l a i e of the 
molecule. 
3) Waqgina o r out-o£-plane bending; The s t r u c t u r a l u n i t 
swings back and fo r th in a p lane perpendicular to the 
inolecule*- synmetry p lane . 
4) Twisting: The s t r u c t u r a l u n i t r o t a t e back and for th 
around the bond which jo ins i t to t h e . r e s t of the mole-
c u l e . 
S p l i t t i n g of bending v ib ra t ions due to in-p lane and 
out-of-plane v ib ra t ions i s found with l a r g e r groups joined 
by a cen t r a l atom. An example i s the doublet produced by 
the gem-dimethyl- group. Beidlng motions produce absorption 
a t lower frequencies t l^n fundamental s t r e t c h i n g modes. 
Molecules composed of several atoms v i b r a t e not only 
according to the frequencies of the bonds, bu t a lso a t over-
tones of the f requencies . When one bond v i b r a t e s €he r e s t 
of the molecule i s involved. The harmonic (overtone) v ib ra -
t ions possess a frequency which r ^ r e s e n t s approximately 
i n t e g r a l mul t ip les of the fundamental frequency. A 
conibination band i s the sum, o r the d i f fe rence between the 
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frequencies of two or more fundamental o r harmonic v i b r a t i o n s . 
Uniqueness of an infrared spectrum a r i s e l a r g e l y from these 
bands which a r e c h a r a c t e r i s t i c of the whole molecule. The 
i n t e i s i t i e s of overtone?and combination bands a re usua l ly 
about one-hundredth of those of fundamental bands. 
The i n t e n s i t y of an in f ra red absorpticai band i s p ro -
po r t i ona l to the square of the r a t e of change of d ipole 
moment with respec t to the displacement of the atoms. 
In some cases / the magnitude of the change in d ipole 
moment may be q u i t e smalls producing only weak absorption 
bands, as in the r e l a t i v e l y non p o l a r C = N group. By con-
t r a s t , the l a r g e pennanent d i p o l e moment of the C = 0 group 
causes s t rong absorption bands which i s often the most d i s -
t i n c t i v e fea ture of an inf rared spectrum. I f no dipole 
momoit i s c rea ted , as in the C = C bond (when located synine-
t r i c a l l y in the molecule) undergoing s t r e t c h i n g v ibra t ion -
then no n^diat ion i s absorbed and the v i b r a t i o n a l mode i s 
said t o be infrared i n a c t i v e . For tuna te ly , an infrared 
i n a c t i v e mode w i l l usua l ly give a s t rong Raman s i g n a l . 
As defined by quantum laws - the v ibra t ions a r e not 
random ev^i ts bu t can occur only a t s p e c i f i c f r e q u a i c i ^ 
Zi 
governed by the atomic masses and s t roigths of the chemic. 
bonds* Math^natically* th i s can be expressed as. 
D 
a7T<: ^j^ 
Where-^ i s the frequency of the vibration C i s the velocity 
of l ight / K i s the force const t . and/U i s the reduced mass 
of the atans involved. The frequency i s greater the smaller 
the mass of the vibrating nuclei and the greater the force 
restoring the nuclei to the equilibrium posi t ion. 
Motions involving hydrogei atoms are found a t much 
higher frequencies than are motions involving heavier atoms. 
For multiple bond linkage^ the force const t . of double and 
t r i p l e bonds are roughly two and three times those of the 
single bonds and the absorption position becomes approximate-
ly two and three t i m ^ higher in . frequency. Interaction 
with neighbours may a l t e r these values» as wil l resonating 
structures hydrogen bonds/ and ring s t r a i n . 
INSTRUMENTATION 
I t i s ccaivenient to divide the infrared regicai into 
three segments with the dividing points based in instrumental 
capabi l i t i es . Different radiation sources,, optical systems 
f 
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and detectors are needed for the different regions. The 
standard infrared spectirophotometer i s an instrument 
covering the range from 4CX50 to 650 an ( 2 . 5 t o l 5 , 4 / X ) . 
Although many prism instruments are s t i l l in use. There 
has been an almost complete t r as i t ion to f i l ter-grat ing 
and prism-grating spectrophotometers. Grating instruments 
offer higher resolution that permits separation of closely 
spaced absorption bands, more accurate measuranents of band 
position and intensi t ies* and higher scanning speeds for a 
given resolution and noise l eve l . Nkadem spectrophoto-
meters generally have attachments that permit speed suppre-
ssion* Scale expansion, r epe t i t ive scanning, and automatic 
control of s l i t , period, and gain. Accessories such as 
beam condensers, reflectance un i t s , polar izers , and micro 
cel ls can usually be added to extend v e r s a t i l i t y or accuracy^ 
lh.lL i , 
Spectrophotometers for t t e infrared region are com-
posed of the same basic compon^its as instruments in the 
u l t r av io le t region, although the sources, the detectors 
and the materials used in the fabrication of. the optical 
compon^its are different , except in the nsar^infrarsd. Radia-
tion from a source emitting in the infrared region i s 
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Chopped a t a low frequency/ of ten 10-26 times per seconds and 
i s passed a l t e r n a t e l y through the saimple and the reference 
before enter ing the monochro»n g te r . This minimizes the 
e f fec t of s t r a y r ad ia t ion a s e r i o u s problem in most of the 
infrared region. Temperature and r e l a t i v e Iwmidity in the 
room housing the instrument must be con t ro l l ed , 
RADIATION SOURCES 
In the region beyond 50<X) cm , b lack body sources 
without envelopes caianonly a r e used. A f rac t ion of the 
s h o r t e r wavelength r ad ia t ion w i l l be p resen t as s t r a y l i g h t s 
and th i s w i l l be p a r t i c u l a r l y se r ious for long-wavelength 
measurements. 
A black oxide forms on the wire which gives accepta-
b l e era iss iv i ty . Temperatures uptol^OO "*C can be reached. 
This sources i s recontm^ided where r e l i a b i l i t y i s e s sen t i a l 
such as in nondispersive process analyzers and i n e x p ^ s i v e 
spectrophotometers. Although s i n p l e and rugged/ th i s source 
i s l e s s in t ense than o t h e r in f ra red sources . 
A hot te r / and the re fo re b r i g h t e r source which has 
an operat ing temperature as high as 1500 *C. Nemst glowers 
a r e constructed from y t t r i a - s t a b i l l z e d zirconium oxide in 
the form of hollow rods 2 nm in diameter and 30 mm in legth. 
The ends are cemented to short ceramic tubes to fac i l i t a te 
mounting, short platinum leads provide power connections. 
Nemst glowers are f rag i le . They have a negative coefficient 
of resistance and must be preheated to bei conductive. There-
fore/ auxi l iary heaters must be provided as well as a blast 
system to prevent overheating. Radiation in tensi ty i s appro-
ximately twice t l » t of Nichrome and Globar sources except in 
the near-infrared. 
i s 
The Globar</'a rod of s i l icon carbide 4 ran in diameter 
and 50 rnn in length. I t i s self s t a r t ing and has an operating 
temperature near 1300 *c. The temperature coefficient of 
resistance i s pos i t ive and may be conveniently controlled 
with a variable transformer. I t s resistance increases with 
the la ig th of time used so that provision must be made for 
increasing the voltage across the u n i t . I t s electrodes must 
be water cooled. 
DETECTORS 
The d e t e c t o r s used a t l onge r wavelengths can 
genera l ly be c l a s s i f i e d i n t o two broad groups (DOuanturn 
de tec tors > which depend oh - in t e rna l photo conductive effects 
resul t ing from the t ransi t ion of an electron from one 
valace band to a conduction band within the sendconductor 
receptor (2) Thermal detectors / in which the radiation pro-
duces a heating effect that a l t e r s some physical property 
of the detector* Quantum detectors are fas ter and more 
sens i t ive ; but severely res t r i c ted with respect to range of 
wavelengths to which they can respond. Thermal detectors 
are usaole over a wide range of wavelengths actually over 
the ent ire spectral region in which the l i gh t absorbing part 
of the detector can be regarded as black; but they suffer from 
re la t ive ly low sens i t iv i ty and slow response. The response 
time sets an upper l imit to the frequency a t which the radia-
tion can usefully be chopped, the to ta l uvass represented by 
receiver/ absorbing material/ and temperature seising element 
must heat or cool during each half-cycle of chopping frequ^cy. 
The thermocouple/ which i s most widely used of a l l 
infrared detectors/ i s usually fabricated with a small piece 
of blackened gold foi l to absorb the radiatLcsi/ welded to the 
t ips of two wire leads made of d iss imi lar metals chosen to 
give a large thermoelectric emf. 
The ent i re assembly i s mounted in an evacuated enclosure 
with an infrared transmitting window so that conductive heat 
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ioasea are minimized. To p r e v ^ t the faint signals from 
being l o s t in the s t ray (noise) signals picked up by the 
lead wires / a preantplifier i s located as close to the detec-
tor as poss ib le . The 'cold ' junctlcai of the thermocouple 
actually consists of heavy copj^r luga in contact with the 
thermocouple wires, since the detector only needs to respond 
to chopped radiation to give an ac output/ only changes of 
tenperature are significant* hence the actual temperature of 
the junction i s unimportant. 
The Golay detector i s pn^unatic in pr inciple . The 
unit consists of a small metal cylinder/ closed by a rigid 
blackened metal p l a t e (2 ttm square) a t one end and by a 
flexible silvered diaphram at the other @nd. The chamber 
i s f i l led with xenon. Radiation passes through a small 
infrared-transmitting window/ and i s absorbed by the blackened 
p l a t e . Heat/ conducted to the gas/ causes i t to expand and 
deform the f lexible diaphram to anplify distort ions of the 
mirror-surface of the diaphragm; l i g h t from a laix|} inside 
the detector housing, i s focused upon the mirror which reflects 
the l i g h t beam onto a vaecuiTi phototube. 
Response time i s of the order of 20 m seC/ corres-
ponding to a chopping frequ^icy of 15 HZ- The Golay detector 
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has a s ens i t i v i t y s imilar to t t e t of a thermocouple. The 
bolometer la a miniature resis tance thermometer usually 
constructed of metal or semiconductor. The resistance of 
a metal increases with tenperature about 0.35?i per degree 
Celsius « whereas that o£ semiconductor decreases about 
7% per degree Celsius. 
The Photoconductive effect; Another Phenomenon/the photoconductive 
effect occurring in semiconducting materials provides a 
class of quantum detectors that are par t icular ly useful 
in the near infrared. The incident photonflux interacts 
with electrons in bound s ta tes in the valence band or in the 
trapping level and excites them in to free s ta tes in the con-
duction band where they remain for a character is t ic l i f e time. 
A posi t ive hole i s l e f t behind. Both electrons and holes 
contribute to e lec t r ica l conduction. The pyroelectric 
detector consists of a s l i ce of a fer roelec t r ic materials 
usually a single crystal of trLglycine sulphate. 
Radiation absorbed by the crystal i s converted to 
heat which a l t e r s the l a t t i c e spacings. Below the Curie 
temperature of the c rys ta l , a change in l a t t i c e spacings 
produces a change in the spontaneous e lec t r i c polarization. 
SP SCTFJOPHOTOMETSRS 
Most infrared spectrophotometers are double-beam 
instruments in which two equ iva l ^ t beams of radiant energy-
are tciken from the source. By means of a combined rotating 
mirror and high interrupter / the source i s flicked al ternat ive-
ly between the referoice and sample paths . In the opt ica l -
null system/ the detector responds only when the intensi ty 
of the two beams i s unequal. Any imbalance i f corrected for 
by a l igh t a t t^ iua tor (an optical wedge or shut ter comb) 
moving in or out of the refer^ice beam to res tore balance* 
The recording poi i s coupled to the l i gh t at tenuator . 
Plane reflectance grating monochromatora dominate 
today's instrumoits. Tb cover the wide wave length range* 
several grating with different ruling d e i s i t i e s and associa-
ted higher order f i l t e r s are necessary. This requires same 
complex sensing and switching mechanism for automating the 
scan with acceptable accuracy. 
The optical arrangement for a f i l t e r -g ra t ing spectro-
mfat*»r •'•<' s h o w n I n fin.1 /^boije 3 ) 
a ^' n 
Radiation a t the two fixed wavelength passes through 
a c e l l containing the process-s t ream to provide a continuous 
measuremeit of the absorpt ion r a t i o . At one wavelength the 
ma te r i a l absorbs s e l e c t i v e l y , and a t the o t h e r wavelength 
the mate r ia l does no t absorb o r e l se exh ib i t s a constant* 
but smal l , absorp t ion . The r a t i o of t ransmi t tance readings 
i s ccaiverted d i r e c t l y i n t o ccaicentraticai of absorber and 
recorded. This type of instrument can hurdle l iqu id systems 
as well as gas stream* and has the a b i l i t y to analyse qu i te 
complex mixture. 
CORRSLATIC^ OF INFRARED SPECTRA T^ TH 
MOLEOJIiAR STRUCTURE 
The inf rared spectrum of a conpound i s e s s e n t i a l l y 
the superposi t ion of absorption bands of s p e c i f i c functional 
groups, yet sub t l e i n t e r a c t i o n s with the surrounding atoms 
of the molecules* impose the s tanp of i n d i v i d u a l i t y on the 
spectrum* of each conpound. For q u a l i t a t i v e a n a l y s i s , one 
of the best feature of an infrared spectrum la that the 
absorpticai or lack of absorption in the specific frequency 
region can be correlated with specific stretching and bending 
motions and* in some cases with the relat ionship of these , 
groups, to the remainder of the molecules. Thus by in te r - . 
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p r e t a t i o n of the spectrum* I t I s p o s s i b l e to s t a t e tha t 
ce r t a in funct ional groups a r e p resen t in the mater ia l and 
tha t ce r t a in o thers a r e absent wi th t h i s one datum, the possi-
b i l i t i e s for the unknown can be sometimes narrowed so sharply 
t h a t comparison with l i b r a r y of pure spec t ra permits 
i n d e n t i f i c a t i o n • 
NEAR-INFRARBD REGION 
In the near- i i i f rared region which meets the v i s i b l e 
region a t about 12^500 cin (0 .8 jLim) and extends to about 
4000 cm (2.5 ^ ) are found many absorpticai bands« r ^ u l t i n g 
from harmonic overtones of fundamental bands and conbination 
bands often assoc ia ted with hydrogen atom. Among these are 
the f i r s t overtones of the O - H and N - H s t r e t ch ing v ibra -
t ions near 7140 cm (1 .4 pm) and 6667 cm (1*5 jtim) respec-
t i v e l y . Combination bands r e s u l t i n g from C - H s t re tch ing / 
and deformation* v ib ra t i ons of a lkyl group a t 4548 cm 
(2.2 jum) and 3850 cm (2.6 ;Um). Thicker sample layers 
(0.5 - 10 irm) condensate for l e s s^ ied molar a b s o r p t i v i t i e s . 
The region i s a cce s s ib l e with quar tz o p t i c s , and th is i s 
coupled with g r e a t e r a e i s i t i v i t y of near - in f ra red de tec tor 
and more i n t ense l i g h t sources . The nea r infrared region i s 
often used for q u a n t i t a t i v e work. 
MID-INFRARED REGION 
Many u s e f u l c o r r e l a t i o n s have been found in the nuw.-
i n f r a r e d r e g i o n . This reg ion i s d i v i d e d i n t o t h e 'group 
f r equency ' r eg ion 4000 to 1300 cm (2 ,5 to 8 pm), and t h e 
' f i n g e r p r i n t * r e g i o n 1300 ix) 650 cm ( 8 , 0 to 15 .4 pm), I n - t h e 
group f r e q u ^ i c y regicai t h e p r i n c i p l e a b s o r p t i a i bands may be 
a s s igned t o v i b r a t i o n u n i t c o n s i s t i n g of on ly two atoms of a 
mo lecu l e . That i s , u n i t s which a r e more o r l e s s dependent c«ily 
on t h e f u n c t i o n a l group g i v i n g t h e a b s o r p t i o n and no t on t h e 
complete m o l e c u l a r s t r u c t u r e . 
s t r u c t u r a l i n f l u e i c e s do r e v e a l t h e m s e l v ^ , however, as 
s i g n i f i c a n t s h i f t s from one compound t o a n o t h e r . In the 
d e r i v a t i o n of in fo rmat ion from an i n f r a r e d spect rum, prominent 
band i n t h i s r eg ion a r e noted and a s s igned f i r s t . In t h e i n t e r -
v a l from 4000 to 2500 cm (2 .5 to 4 . 0 ^ m ) . The abso rp t i on i s 
c h a r a c t e r i s t i c of hydrogen s t r e t c h i n g v i b r a t i o n s wi th elements 
of mass 19 o r l e s s , when coupled w i t h h e a v i e r masses t h e f r e -
quenc ies o v e r l a p t h e t r i p l e bond r e g i o n . The i n t e n n e d i a t e 
f requency range 2500 to 1540 em ( 4 . 0 t o 6 .5 ^ ) , i s o f t e n 
termed t h e u n s a t u r a t e d r e g i o n . T r i p l e bands and very l i t t l e 
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e l s e , a p p e a r from 2500 to 2000 cm ( 4 , 0 t o 5 . 0 |um). Double bond 
f r e q u e n c i e s f a l l i n the reg ion from 2000 to 1540 cm ( 5 , 0 t o 
6 ,5 pm), By j u d i c i o u s a p p l i c a t i o n o f accunuilated empi r i ca l 
6 
data i t i s poss ib le to d i s t i n g u i s h among C = O, C = C^  C = N, 
N = 0 and s = O bands. The major fac tors in the spect ra between 
1300 and 650 cm (7.7 to 15.4 um) a r e single-bond s t re tching 
frequencies and bending v ib r a t i ons ( s k e l e t a l frequencies) of 
polyatcanic system which involve motions of bonds l inking a 
s u b s t i t u e n t group to the remainder of the molecules. This i s 
the f inge rp r in t region . M u l t i p l i c i t y i s too g r e a t for assured 
ind iv idua l i d e n t i f i c a t i o n - but c o l l e c t i v e l y the absorption 
bands aid in i d e n t i f i c a t i o n . 
FAR - INFRARED REGION 
The region between 667 and 10 dn (15 - to 1 0 0 0 ^ ) 
conta ins the bending v i b r a t i o n s of carbon, n i t rogen/ oxygen and 
f luor ine with atoms heavier than mass 19 and add i t iona l bending 
6 
motions in cyc l i c o r unsatura ted systems. The low frequency 
molecular v ib ra t ions found in the fa r - in f ra red a re p a r t i c u l a r l y 
s e n s i t i v e to changes in the o v e r a l l s t r u c t u r e of the molecule* 
When studying the conformation of the molecule as a whole the 
fa r - in f ra red bands d i f f e r often in a p r ed i c t ab l e manner for 
d i f f e r e n t isomeric forms of the same bas ic conpound. The f a r -
inf ra red frequencies of organometal l ic conpounds a re often sensi-
t i v e to the metal ion o r atom, and t h i s , too can be used 
advantageously in the s tudy of coordinat ion bands. Moreover, 
27 
t h i s r eg ion I s p a r t i c u l a r l y w e l l s u i t e d t o the s tudy of o rgano-
m e t a l l i c o r i n o r g a n i c conpounds whose atoms a r e heavy and whose 
7 
bonds a r e i n c l i n e d to be weak. 
STRUCTURAL ANALYSIS 
A f t e r t h e p r e s e n c e of a p a r t i c u l a r fundamental s t r e t c h i n g 
f requency has been e s t a b l i s h e d , c l o s e r examinat ion of the shape 
and exac t p o s i t i a i of an a b s o r p t i o n band o f t e n y i e l d s a d d i t i o n a l 
band i n f o r m a t i o n . The shape of an a b s o r p t i o n band around 30CX) 
cm (3 ,3 jUra), g i v e s a rough idea of t h e CH group p r ^ e n t . 
8 Alkyl groups have t h e i r C - H s t r e t c h i n g f requenc ies lower than 
3000 cm , whereas a lkenes and a r o m a t i c s have them s l i g h t l y h igher 
than 3000 cm . The CH, group g i v e s r i s e t o an asymraetric s t r e t -
- 1 9 
ching mode a t 2960 cm ( 3 , 3 8 ;um) and a symmetric mode a t 2870 
- 1 - 1 
cm ( 3 . 4 8 jum)..i For - CH. - t h ^ e bands occur a t 2930 era (3 .42 
jura) and 2850 on ( 3 . 5 1 jum). 
Next , come t h e r e g i o n s where c h a r a c t e r i s t i c v i b r a t i o n s 
- 1 from bending mot ions o c c u r . For a l k a n e s , bands a t 1460 cm 
(6 ,85 yUm) and 1380 era (7 .25 yUm) a r e i n d i c a t i v e . o f a te rmina l 
10 
methyl group a t t a c h e d t o carbon e x h i b i t i n g i n - p l a n e ba ld ing 
mot ions . I f t h e l a t t e r band i s s p l i t i n t o a doub le t a t about 
1397 cm and 1370 cm (7 ,16 and 7 , 3 0 j u m ) , geminal methyls a r e 
i n d i c a t e s . The symmetr ica l i n - p l a n e bending i s sh i f t ed to 
•J 
lower f r e q u e n c i ^ , when the methyl group i s adjacent to "p^ CcO 
(1360 - 1350 cm^) - s - (1325 cm^) and s i l i c o n (1250 cm^ .''••^  
The in -p lane s c i s s o r motion of-CH2 - a t 1470 dn (6,80 m ) 
i n d i c a t e s the presence of t h a t group. Four or more methylene 
groups in a l i n e a r arrangement gives r i s e to a weak rocking 
motion a t about 720 cm (13.9 jum). 
The s u b s t i t u t i o n p a t t e r n of an aromatic ring can be 
deducted from a s e r i e s of weak but very useful bands in the 
region 2000 to 1670 an (5 to 6 jum) coupled with the pos i t ion 
of the s t rong bands between 900, and 650 cm (11.1 and 15.4 ^m) 
which a r e due to the ou t -of -p lane balding v i b r a t i o n s . Abs^ce 
of a nonsymmetrical b rea th ing mode a t 690 "- 710 cm in the 
spec t ra of para, and o r tho - subs t i t u t ed r ings i s helpful . Ring 
s t r e t c h i n g modes are observed near 1600, 1570 and 1500 cm 
12 (6 .25 , 6,37 and 6,67 )Llm), These c h a r a c t e r i s t i c absorption 
p a t t e r n s a re a lso observed with s u b s t i t u t e d pyridines and 
polycyclicbenzenoid aromatica. 
The presence of an unsa tura ted c = C l inkage introduces 
—1 13 
the s t r e t c h i n g frequency a t 1650 cm (6 ,07/ im) , and which 
may be weak o r nonexis to i t i f symmetrical ly located in the 
39 
molecule. Mono- and t r l - s u b s t i t u t e d o le f ins give r i s e to more 
i n t e n s e bands than Cls- o r t r a n s - d i s u b s t i t u t e d o l e f i n s . 
SubstituticMi by a n i t rogen o r oxygen functional group 
g r e a t l y increases the i n t e i s i t y of the C = C absorption band. 
Oonjugation with an aromatic nucleus c a u s ^ a s l i g h t s h i f t to 
lower frequency, but with a second c = C o r C = 0 , the s h i f t 
to lower frequency i s 40 to 60 cfn with a subs t an t i a l increase 
in i n t e n s i t y . The out-of p lane bending v ibra t ions of the 
14 hydrogens on a c = C l inkage are very va luable . A vinyl 
group gives r i s e to two bands a t about 990 cm (10.1 jam) and 
910 cm^ (11.0 jam). The = CH^  (vinyl idene) band appears near 
895 cm (11.2 jum) and i s a very prominait f ea tu re of the spec-
trum, d s - and t r a n s - d i s u b s t i t u t e d o le f ins absorb near 685-730 
cm (13.7 - 14.6 jam) and 965 cm (10.4 jam), r e spec t ive ly . The 
s i n g l e hydrogen in a t r i s u b s t i t u t e d o le f in appears near 820 cm 
(12.2 Aim) 
In alkynea the ethynyl hydrogen has a needle-sharp and 
i n t ^ i s e band a t 3300 cm (3.0^um). The absorption band for 
- C ^  C - i s located in about the range from 2100 to 2140 cm 
15 (4.67 to 4.76 jum)/ whai terminals but in the regicai frcsn 
2260 to 2190 cm (4.42 - 4.56 pm), I f nonterminal . The i n t ^ -
s i t y of the l a t t e r type band decreases as the symmetry of the 
molecule i n c r e a s e , i t i s bes t ident i f ied by Raman spectroscqpy. 
When the acetylene linkage i s conjugated with the a carix)nyl 
group, however/ the absorption become very intense. 
For ethers the one important band appears near 1100 dn 
(9.09 pia) and i s due to the antisymmetric stretching mode of 
the -C-O-C l inks . I t i s qui te strong and may dominate the 
spectrum of a simple ether. 
For alcotols the most useful absorption i s that due to 
the stretching of the o - H bond, in the free or unassociated 
-1 16 
s t a t e / i t appears as a weak but sharp band a t about 3600 cm 
(2.78^m), Hydrogen bonding wi l l g rea t ly increase the i n t e i s i t y 
of the band and move i t to lower frequencies and i f the hydrogen 
bonding i s especially strong^ the band becomes quite broad. 
Inter molecular hydrogen bonding ia concentration dependent/ 
whereas i n t r a - molecular hydrogen bonding i s not concentraticn 
dependent. Measurements in solution under different concentrations 
are invaluable. The spectrum of an acid i s quite d is t inc t ive 
in shape and breadth in the high frequency reglc«* The d is t inc-
tion between the several types of alcohols is often possible 
17 
on the basis of the C - O stretching absorption band, as 
indicated. 
il 
The carbonyl group i s not d i f f i c u l t to recognize/ i t i s 
often the s t ronges t band in the spectrum. I t s exact pos i t ion 
in the region, e^rtending from about 1825 to 1575 cm (5.48 to 
18 6.35 jttm), i s dependent upon the double-bond character of the 
carbonyl group. Anhydrides u s u a l l y show a double absorption 
band. 
Aldehydes a r e d is t inguished from ketraies by the add i -
t iona l C - H s t r e t c h i n g frequency of the CHO groap a t about 
2720 dn (3.68 um). In oBtera, two bands re la ted to C - 0 
s t r e t ch ing and bending a re recognizable betwe^i 1300 and 1040 
-1 19 
cm (7.7 and 9.6 iim) in addi t ion to t he carbonyl band. The 
cariaoscyl group in a sense« shows bands a r i s i ng from the super-
pos i t ion of C = O, C - 0/ C - OH and O - H vibrat iona of f ive 
c h a r a c t e r i a t i c bands. Three of these (27po, 1300 and 943 cm / 
3 . 7 , 7.7 and 10.6 jam) a re assoc ia ted with vibra t ions of the 
20 
carboxyl OH. They disappear when the carboxylate ion i s 
formed/ when the acid ex i s t s in t he dimeric from the o -. H 
s t r e t c h i n g band a t 2700 cm disappear but the absorption band 
a t 943 cm due to the OH out-df p lane bending of the dimer 
remains. 
The spectrum of an amine of p a r t i c u l a r i n t e r e s t in a 
primary amine (oramide) are the N - H s t r e t c h i n g vibrat ions 
42 
a t about 3500 and 3400 cm* (2.86 and 2 .94/ im) . The in-p lane 
bending of N - H, a t 1610 cm (6 .2 jum) and the out-of plane 
bending of -NH a t about 830 dn (12.0 pm), which i s broad 
for primary amines. By c o n t r a s t , a secondary eiroine exhib i t s 
a s i n g l e band in the high frequency region a t about 3350 cm 
(2.98yUm). The high frequency bands broaden and s h i f t about 
loo cm to lower frequency when involved in hydrogen bonding. 
When the amine s a l t i s formed these bands are markedly 
21 -1 
broadened and l i e between 3030 and 2500 on (3.3 and 4*0 jam) 
resembling the - OOOH bands In t h i s region. 
The n i t r o group i s cha rac te r i sed by two equally s t rong 
absorpt ion bands a t about 1560 and 1350 cm (6,41 and 7.40 jum) 
the asymmetric s t r e t ch ing f r equo ic i e s . In an N - Oxide, only 
a s i n g l e very in tense band i s p re sen t in the region from 1300 
to 1200 cm (7.70 to 8,33 pm). In addi t ion there are C - N 
s t r e t c h i n g and var ious bending v i b r a t i o n s whose pos i t ions 
should be checked* Quite analogous bands a re observed for 
bands between s and O, a l l a r e i n t e n s e . St re tching frequencies 
for SO appears around 1400 - 1310 and 1210 - 1120 cfn (7.14 -
^.63 and 813 - 893 yUm) for S ». O a t 1200 - 1040 cm (8.33 - 962 
jum) and for s - o around 900 - 700 cm (11.11 - 14.28 u^m) 
rd 
AMMINE (NHL ) COMPLEXES 3
Vibra t ional spec t ra of metal ammine coinplexes have been 
studied ex tens ive ly , and these a r e reviewed by Schmidt and 
22 
Muller . To assign these NIL group v i b r a t i o n s , i t i s conve-
n i en t to use the s i x normal modes o£ v ibra t ion o£ siirple 1:1 
(metal / l igand) complex model. I t i s seen tha t the antisyinmetrie 
and symmetric NHj s t r e t c h i n g / NH^  degenerate deformation/ NH^  
symmetric deformation and NH- rocking v ibra t ion appear in the 
regions of 3400 - 3000, 1650 - 1550, 1370 - lOOO and 950 - 590 
cm re spec t ive ly . These assignments have been confirmed by 
"^ ^NHj/ND^ and NH /^NH^ i so tope shi f t s .^" ' 
The NH_ s t r e t c h i n g frequencies of the complexes are 
24 lower than those of the f r ee NH- molecule for two reasons. 
One i s the e f fec t of coordination.Upon coordination^, "the N-H 
bond i s weakened and the NH^  s t r e t c h i n g frequencies a re 
lowered. The s t ronger the M^ N bond, the weaker i s the N-H bond 
and the lower are the NH, s t r e t c h i n g frequencies i f o ther condi-
t ions a r e equal . Thus the NH, s t r e t c h i n g frequencies may be 
used as a rough measure of the M-N bond s t r eng th . The other 
reason i s the e f fec t of t h s counter ion . The NH^  s t r e t ch ing 
frequencies of the ch lo r ide a re much lower than those of the 
perchlorate . . . 
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This I s a t t r i b u t e d to the weakening of the N-H bond 
due to the formation of the N-H . . . Cl- type hydrogei bond in 
the former. 
The e f fec t s of coordination and h^rogen bonding 
meitioned above s h i f t the NH, deformation and roc3d.ng modes to 
higher f requencies . Among them« the NH^  rocking mode i s most 
s e n s i t i v e / and the degenerate deformation i s l e a s t s e n s i t i v e 
to these e f f e c t s . Thus the NH^  rocking frequency i s often used 
to conpare the s t r e n g t h of the M-N bond in a s e r i ^ of conplexes 
25 
of the same type and. anion. I t i s i n t e r e s t i n g to note t ha t 
a genuine 1:1 cona>lex can be prepared by reac t ing a l k a l i hal ide 
with NH, in Ar m a t r i c e s . For example* Z " ^ ^ " K^T'ci"^ exhibts 
the NH- rocking band near 460 cm r e f l e c t i n g a r a the r w^k 
K - NH, l inkage . 
To ass ign t t e s k e l e t a l mod^ such as the MN s t re tch ing 
and NMN bending modes-/ i t i s necessary to consider the noniHl 
modes of the oc tahedra l MN, skeleton ( 0 ^ symmetry). The MN 
s t r e t ch ing mode in the low-frequency r e g i o i i s of p a r t i c u l a r 
i n t e r e s t s ince i t provides d i r e c t information about the 
s t r u c t u r e of ttie MN skele ton and the s t r e n g t h of the M-N bond. 
The octahedral MNg skeleton exh ib i t s two •t>(M - N) (A^ g^ and Eg) 
in Raman and one "iP (M - N) (F-u) in in f ra red si>ectra. 
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Most of these v ib ra t ions have been assigned based on 
observed i so tope s h i f t s ( inc luding metal i sotopes^ NH /^ND^ 
and NH,/NH,) and normal coordinate c a l c u l a t i o n s . Although the 
assignment of the "\)(Cb - N) in the inf rared spectrum of 
yoo (NH^)^_7 CI, had been c o n t r o v e r s i a l , Schmidt and Muller 
^ 3 o—' 3 
confirmed the o r i g i n a l asaignraeits made by Nakamoto e t al« The 
- 1 
th ree weak bands a t 498, 477 and 449 cm are the s p l i t coirpo-
ments of the t r i p l y degenerate P-U mode. According to Nakagawa 
27 
and Shimanouchi the i n t e n s i t y of the MN s t r e t ch ing mode in 
the Infrared increases as the M - N bond becomes more ion ic and 
as the MN s t r e t ch ing frequency becomes lower. Relative to the 
Oo ( I I I ) - N bond of the /Oo iUH^)^J7 "^^  i on , the Co ( I I ) - N 
bond of the / Oo (NH-)w^ ion i s more ion ic and i t s s t re tching 
frequency i s much lower (3 25 cm ) . This may be respondible for 
the s trong appearance of the Oo ( I I ) - N s t r e t ch ing band in the 
i n f r a r e d . 
Two Raman ac t ive MN s t r e t c h i n g modes (A-g and Eg) a r e 
observed for the octahedral hexamine s a l t s . In ge i e ra l l)(A-g) 
i s higher than "9(Eg). However, the r e l a t i v e pos i t ion of i)(F,u) 
wi th r e spec t to these two v i b r a t i o n s changes from one compound 
to another , i^nother obvious trend in i) ( l^ ) i s D (M - N)j> 
-^ (M "^*"- N) >^(M^"^- N). 
'iJi 
This holds for a l l s^rometry s p e c i e s . The NH. rocking 
frequency a l so follows the same t r^ id as above. 
Normal coordinate analyses on metal annimine 
complexes have been carr ied out by many inves t iga to r s , 
27 
Among them, Nakagawa^Shimanouchi, and coworkers have 
made the most comprehensive s tudy , using the UBP f i e l d . 
The MN s t r e t c h i n g force constants of the hexammine comp-
lexes follow th i s o rder . 
Pt ( I V ) » C D ( l I I ) > C r ( I I I ) > N i ( I l ) » O o ( I I ) 
2.13 1.05 0.94 0.34 0.33 
rndyn / A" 
Terrasse e t a l / r epor t a value of 1.6 ndjn / A " 
3+ for the Rh - N s t r e t ch ing force constant of the Rh (NH^)^ 
ion in the UBF f i e l d . On the o the r hand, Schimdt and Muller 
and o ther workers calculated the <^'F constants of a number 
of ammine complexes by using the po in t mass model ( i . e . the 
NH, l igand i s regarded as a s i n g l e atom having the mass of 
NR,), and refined t h e i r values wi th isotope s.hift data 
( H - H, N - N , and metal i s o t o p e s ) . For the hexammine 
s e r i e s , they obtained the following order 
a? 
_.4+ 3+ ^ 3+ „.3+ _ 3+ 3 + ^ 3 + „ .2+ ^ 2+ „ 2+ P t > l r > 0 s >Rh ;>Ru ;^co > C r >Ni >Co > Fe 
*^^  
2.75 2.28 2.13 2 .10 2 .01 1.86 1.66 0.85 O.SO 0.73 
^ 2 + „ 2+ ,^ 2+ Cd > zn > Mn 
0 .69 0 .67 mdyn/A' 
For a s e r i e s of d i v a l e n t m e t a l s , the above o r d e r 
i s p a r a l l e l to t h e I r v i n g - Wil l iams S e r i e s , (Mn"^  < Fe <: 
Co "<fNi <Cu "<; zn "*") , Schmidt and Mul le r d i scussed the 
r e l a t i o n s h i p between t h e M-N S t r e t c h i n g fo rce cons t an t and 
the s t a b i l i t y c o n s t a n t o r the band energy . Normal c o o r d i -
27 
n a t e ana lyses have been made by Nakagawa e t a l by using 
the UBF f i e l d , t h e fo l lowing v a l u e s were ob ta ined for the 
M-N s t r e t c h i n g f o r c e c o n s t a n t s . 
T^T 2 + ^ ^7+ „ , 2 + ^ 2+ Hg > P t > Pd > CU 
2.05 1.92 1.71 0.84 mdyn/A* 
On t h e o t h e r hand, Schmidt and Mul le r ob ta ined the following 
va lues by us ing t h e GVF f i e l d and t h e p o i n t mass approxima-
t i o n . 
„^2+ ^2+ ^ 2+ ' 2+ _ 2+ ^ 2 + 
P t > Pd • :$> Co ^ zn ^ CU > Cd 
2.54 2 . 1 5 ; - 1 . 4 4 1.43 1.42 1.24 radyn/A° 
.3 O 
y5 
V i b r a t i o n a l s p e c t r a of meta l ammine complexes in 
the c r y s t a l l i n e s t a t e e x h i b i t l a t t i c e v i b r a t i o n s below 
200 cm . A s s i g n m ^ t s of l a t t i c e modes have been made fo r 
the hexarimine s a l t s of Mg (11)^ oo ( 1 1 ) ^ ^ ' ^ ° Ni (11)^^ '^^ '"^° 
Co(NH2)^^ Co(CN)^ ^ and PtCNH^)^ Cl^^ . The magnus green 
s a l t Pt::^NH-) P t Cl i s of p a r t i c u l a r i n t e r e s t . O r i g i n a l l y 
34 -1 
H i r a i s b i e t a l a s s i g n e d the i n f r a r e d band a t 200 cm to 
a l a t t i c e mode which co r re sponds to the s t r e t c h i n g mode of 
the P t - P t - P t c h a i n . 
This high f requency was j u s t i f i e d on t h e b a s i s of 
t he s t r o n g P t - P t i n t e r a c t i o n in t h i s s a l t . Adams and 
Hall , on t h e o t h e r han(^assigned t h i s mode a t 81 cm , and 
the 201 dr, band to a NH- t o r s i o n . In f a c t t he l a t t e r i s 
— 1 36 
s h i f t e d to 158 cm by the d e u t e r a t i o n of NH- l i g a n d s . 
The acid hydraz ides and hydrazones form meta l 
complexes which a r e of med ic ina l impor tance . The p r e s e n t 
work has been under taken t o record the i n f r a r e d s p e c t r a of 
some meta l complexes of 1 - i s o n i c o t i n y l 2 - c y c l o h e x y l i d ^ i e 
h i ' d r a - i n e . The s p e c t r a a r e v e r y complex and the assignment 
of t he bands a r e compl ica ted s t i l l an e f f o r t has been made 
49 
to understand the complex molecular phenomenon and bounding 
tha t takes p lace during the formation of such la rge molecules, 
5 
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C H A P T E R - I I 
I^fFRARED SPECTRA OF 
1 - ISONICOTIN^Oi 2 - CYCL0HEXYLID5WE 
HYDRAZINE (ICH) AND THE COMPLEXES 
OP CADMIUM AND MERCURIC CHLORIDE 
WITH ICH 
2.1 INTRODirCTION' 
Acid hydrazides and hydrazonea are useful 
c h e l a t i n g agents and are of medicinal importance. The 
hydrazone d e r i v a t i v e s are used as fijngicides and in 
t h e treatment o f d i s e a s e s such as lisprosy cAd m^ital 
d i s o r d e r s . The conplexes o f ' ^ C l ^ and CdCl^ with 
1 - i s o n i c o t i n y l 2 -cyc lohexy l ldene hydrazine (ICH) may 
a l s o find medicinal a p p l i c a t i o n s i n future . Key ing 
t h i s a spec t i n view the in frared spectra of ICH in 
s o l i d and in a c e t o n l t r L l e s o l u t i o n as wel l as the 
spectra o f i t s complexes wi th HgCl2 ssid OdCL^  have been 
recorded i n the range 4000-500 on and the ass ignmsit 
of the bands has been done. The infrared spectra of 
such complexes have be«i s tudied by e a r l i e r workers 
4 (1# 2, 3 ) . Narang e t a l have s tudied the i r spectra 
of N, N-d iace ty loxa ld ihydraz ine and N, N-diacetylma-
londihydrazide for c e r t a i n modes. Infrared spectrac. 
s t u d i e s have helped to determine the bonding s i t e s in 
o t h e r s i m i l a r complexes l i k e those o f acetone i s o n i c o -
5 
tynoyl hydrazine / benzoyl hydrazine and i s o n i c o t i n o y l -
6 
hydrazine and i s o n i c o t i n o y l h y d r a z i n e . 
s> 
2.a EXPERIMENTAL DETAILS; 
The compound l - i son ico t iny l -2 -cyc lo t exy l idene 
hydrazine was prepared according to procedure followed 
7 
by Fox e t a l , A mixture of 2g of l aon ioo t lny l hydra-
z ine (BDH) , l ,5g (1,6 cc) of cyclohexanone (BDH) and 
25 cc of water was reacted to g ive the coropound in 
p r a c t i c a l l y q u a n t i t a t i v e y i e l d . Pine white needles 
of the pure ooii^ >ound were obtained by c r y s t a l l i s a t i o n 
from ethanol imp 168.5**). The complexes of cadmium 
and mercuric ch lo r ide were prepared and character ised 
8 
following the method of Lai e t al» The infrared 
spectra of ICH in so l id and a c e t o n i t r i l e so lu t ion and 
infrared spec t r a of complexes of cadmium and mercuric 
chlor ide in so l id were recorded on a SHIMADZU IR - 435 
Spectrophotometer. The infrared spec t ra a r e shown in 
Figs 2«1, 2 .2 / 2.3 and 2*4. 
Ray diagram of double beam infrared spectrophoto-
meter i s shown in F ig . 2. Chapter I ^ t ' o^^^ ) 
5 
2 .3 RESULTS AND DISCUSSION: 
(a) Infrared Spectra o f ICH: Nineteen bands 
observed i n the infrared spectrum of ICH in s o l i d and 
i n s o l u t i o n in the range 400O - 50O dn have been 
a s s i g n e d . Vibrat ional frequencies and t h e i r probable 
assignments are given in Tables 2 .1 and 2 . 2 . 
The molecule ICH may be taken to belong to C 
p o i n t group. The s tructure of the molecule i s given in 
F i g . 2.5'. The ana lys i s o f the spectra and the a s s i g n -
ment of the fundamentals and o t h e r modes of v ibrat ions 
has been done on the b a s i s o f the a v a i l a b l e l i t e r a t u r e 
9 f o r infrared spectra of p y r i d i n e and cyclohexane. 
Pyrindine Ring Vibrat ion; 
The strong band appearing a t 1455 cm tes been 
ass igned to pyr id ine ring breathing v i b r a t i o n . ' 
S imi lar v i b r a t i o n s have been observed in OrthO/ meta 
9 
and para methyl p y r i d i n e s . 
N - H s t r e t c h i n g Vibrat ions; 
The N-H s t r e t c h i n g v i b r a t i o n s g i v e r i s e to band 
- 1 9 
a t 3500-3300 cm. The N-H asymmetric has s l i g h t l y 
58 
O H CH 2 CH ^ ^ 
C c CH; 
C 
'Z" •c a 
Fig 2,5 : Structure of " 1-Isonicotinyl 2-Cyclohexylidene-
hydrazine" molecule. 
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Table - 2 .1 Infraret3 v i b r a t i o n a l frequencies of 
ICH s o l i d and t h e i r ass ignments . 
Infrared 
frequencies cm -1 i n t e n s i t y Symmetry Assignments 
 •* Snec le s 
3190 
2900 
2820 
1650 
1630 
1590 
1520 
1455 
1445 
1370 
1335 
1295 
1275 
1130 
1055 
1025 
83 O 
740 
720 
670 
m 
s 
s 
s 
m 
w 
m 
s 
s, sh 
m 
w 
m 
m 
m 
w 
m 
m 
m 
m 
w 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a* 
a* 
a' 
a' 
a" 
a" 
a' 
N-H symmetric atrete l l ing 
CH_ asymmetric s t re t ch ing 
CH, symmetric s t re tch ing 
C=0 s tre tch ing 
C=N s tre tch ing 
C=C s tre tch ing 
C=C s tre tch ing 
Pyridine ring breathing 
CH deformation 2 
C-N s tre tch ing 
2 X 670 = 1340 
CH« twist ing 2 
G-H in-p lane beiding 
C-H in-p lane balding 
C-H in-plane bending 
N-N s tre tch ing 
CH wagging 
C-H out of plane bending 
C-H out of plane bending 
C-C-C in-plane beiding 
lii 
Table - 2.2 Infrared v ib ra t i ona l frequencies of 
ICH in a c e t o n i t r i l e and t h e i r assignments. 
infrared _^ i n t e n s i t y 
frequencies cm 
Symmetry 
Species 
Assignments 
3545 
3200 
3160 
3000 
2940 
2615 
2400 
2290 
2255 
1670 
1635 
1545 
1510 
1445 
1425 
1380 
1040 
925 
740 
m 
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m 
m 
m 
w 
w 
m 
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m. 
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s. 
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a' 
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a' 
a' 
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a' 
a" 
a" 
N-H asymmetric s t re tcning 
N-H symmetric s t re tching 
C-H s t re tch ing 
C-H s t re tch ing 
CH asymmetric s t re tching 
1670 + 925 = 2595 
1670 + 740 = 2410 
1545 + 740 = 2285 
1130 X 2 = 2260 
C=0 Stre tching 
C=N s t re tch ing 
C=c s t re tch ing 
C=C s t re tch ing 
Pyridine ring breathing 
CJL deformation 
C=N s t re tch ing 
C-H in-plane bending 
C-H out of plane bending 
C-H out of p la i e bending 
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9a higher frequency compared to N-H symraetic frequency. 
Moreover, the N-H syiranetjric mode appears with g r e a t e r 
inf rared i n t e i s i t y . P r e a e i t l y the bands a t 3545 cm 
-1 
and 3200 an have been assigned to N-H asyinnetric and 
N-H symmetric frequency r e s p e c t i v e l y . 
C - H St re tching Vibrat ions; 
C-H s t r e t ch ing v i b r a t i o n s a r e expected in the 
region 3100 - 3000 cm and belong to four modes of 
v ib r a t i ons of benzene e^a (3080) , a g (3062)/ b a ( 3 0 6 0 ) 
and e^g (3047). In the in f ra red spectrum of pyr id ine 
the C-H s t r e t ch ing frequencies appear in the 3100-3000 
-1 9 -1 
an range. The band appearing a t 3000 an has been 
assigned to C-H symmetric mode v ibra t ion and a t 3160 aa 
to C-H asyrrenetric mode v i b r a t i o n . The asymmetric f r e -
quency i s higher than the symmetric mode frequency. 
CHj s t r e t ch ing Vibra t ion: 
The CH asymmetric s t r e t c h i n g frequeicy in cyc l i c 
six-merobered r ing appears nea r 2930 cm ' . The 
molecule under discuss ion has a cyclohexane ring 
G^ 
attached to i t (Fig . 2 . 6 ) . The s t rong band appearing 
a t 2900 cin in so l id i s due to CH asymmetric s t re tch ing 
mode and the stri^ig band a t 2820 cm has been assigned 
to CPL symmetric rt»de. in so lu t ion the frequeicy of 
asyrnmetric node v ib ra t ion increases to 2940 cm from 
2900 cm in s o l i d . This increase in frequency confirms 
hydrogsi bonding in s o l i d . Simi lar frequencies are 
9 
reported for cyclohexaiies. 
2 200 cm - 2700 cm region; 
The bands appearing in th i s region belong to 
overtones and combination modes of v ib ra t ions and there-
fore have been assigned in the same manner. 
C = N St re tch ing Vibra t ion: 
Aggarwal and Rao have assigned the band 
appearing a t 1635 cm to C=N s t r e t c h i n g mode in the 
infrared spectrum of acetone i son ico t inoy l hydrazone. 
A s i m i l a r observat ion has been made by Fabian/ Legrand 
16 
and P o i r i e r . According to these authors aromatic 
Schiff bases absorb near 1630 cm and the ON i n t e n s i t i e s 
li ;5 
are intermediate between C=0-and C=C bands on the whole. 
The present spectrum shov/s th ree bands a t 1590^ 1630 
and 1650 cm with weak medium and strong i n t e n s i t i e s 
r e spec t ive ly in the s o l i d . The band a t 1630 cm appears 
with a me>dium i n t e n s i t y and thus i s in good agre^nent 
16 
with the observat ions of Fabian e t a l , 
C=0 Stretching Vibrat ion: 
Ketones a r e be s t charac ter i sed by the strong 
C=o s t re tch ing absorpt ion near 1715 cm. conjugation 
without hydrogen bonding r e s u l t s in a lowering of the 
-1 C=o s t r e t ch ing frequency to 1700 - 1640 cm. The 
frequency may be s t i l l lower in ce r t a in cases but the 
17 18 
i n t e n s i t y of the band i s s t rong . ' Metal chelates 
19 
o r s a l t s a lso absorb a t a lower carbonyl frequency. 
The strong band appearing a t 1650 cm in so l id has 
been assigned C=0 s t r e t c h i n g frequency. The ass ign-
ment i s in confirmity with the c r i t e r i o n of Fabian 
16 
e t a l too. 
C=C Stretching Vibra t ion : 
There i s some r e l a t i o n betweei the 1580 cm band 
20 frequency and the s t a b i l i t y of the complex. The band 
appear ing a t 1590 cm w i t h weak i n t e n s i t y and a t 15 20 
w i t h medium i n t e n s i t y i n s o l i d have been ass igned the 
C=C s t r e t c h i n g f r e q u e n c i e s , t h e reason one being the 
c r i t e r i a of Fabian e t a l mentioned e a r l i e r dur ing 
t h e d i s c u s s i o n of CsN s t r e t c h i n g f r equency . Secondly 
NakamotO/ McCarthy and M a r t e l l , on the iiasis of c a l c u -
l a t i o n s , have shown t h a t t h e h ighes t f requency band in 
the 1600 an r e g i o n i n v o l v e s more C c^^-^c s t r e t c h i n g 
than c =^^  o s t r e t c h i n g , in a c e t y l a c e t o n e too t h e band 
i n v o l v i n g c = C s t r e t c h i n g occurs a t 1545 cm . The 
C = C s t r e t c h i n g f requency lowers down t o 15 45 an in 
s o l u t i o n . Another band appear ing a t 1520 an i n s o l i d 
wi th medium i n t e n s i t y and a t 1510 cm i n s o l u t i o n with 
medium i n t e n s i t y have been as s igned to t h i s mode of 
22 
v i b r a t i o n , Singh and Sin ha have a l s o repor ted bant 
a t 1502 cm and a t 1591 era to c = C s t r e t c h i n g mode. 
C - N S t r e t c h i n g V i b r a t i o n ; 
Due to t h e s t r e t c h i n g of t h e phenyl carbon-
n i t r o g e n bond a s t r o n g a b s o r p t i o n band a t 1330-1260 c^ 
23 has been r e p o r t e d by K a t r l t z k y and Jones i n pr imary 
23 2^ 
a roma t i c amines . K a t r i t z k y e t a l and Hadzi e t a l 
1} 1 
have observed strong absorpt ion band for C-N in secondary 
aromatic amines a t 13 42 - 13 20 can . For a l l t e r t i a r y 
23 
a n i l i n e s the corresponding band i s observed a t 
1380 - 1332 cm , In ICH the s t rong band observed a t 
1370 cm in so l id and 1380 cm in solut ion has been 
assigned to C - N s t r e t c h i n g mode. 
CH- deformation mode; 
In cyclohaxane and subs t i t u t ed cyclohexane i n f r a -
9 
red spec t r a , CH- deformation frequency has been s t rong-
l y observed around 1450 cm. In the spectrum of ICH 
strong band a t 1455 cm in so l id i s accompanied with a 
• s t rong shoulder a t 1445. A s i m i l a r fea ture of absorption 
bands i s v i s i b l e in spectrum of ICH in l iquid a t 1445 cm 
and 1425 cm (shoulder ) . The 1455 an has been assigned 
to pyr id ine ring breathing v ib ra t ion and the shoulder 
a t 1445 cm i s due to CH_ deformation mode in the 
spectrum of sol id ICH. 
C - H in plantbendinq v i b r a t i o n s t 
In mono-substituted benzenes the C-H in plane 
bending v ib ra t ions have been ca lcula ted to l i e in the 
ij 8 
range 1027 - 1275 an . The bands appearing at 1275 
cm , 1130 cm and 1055 cm have been assigned to this 
mode. A similar observation has been made by Singh 
22 
e t a l in the i r sr>ectra of 0 - , m- and p -an i s id ines . 
J^ - N S t re tch ing Vibration 
The bands a t 1025 - 925 cm have be^i assigned 
26 
to N-N s t r e t c h i n g v ibra t ion by Williams e t a l in 
the infrared spec t ra of aromatic n i t rosamines . The 
band observed a t 1025 cfn with medium i n t e n s i t y has 
been assigned t h i s mode. 
O - H wag absorpt ion band 
The 900 - 700 cm region i s the absorption 
region due to C-H wag mode. The in-phase/ out of plane 
OH wag v ib r a t i ons give r i s e to s t rong infrared bands, 
the frequency of which depends upon number of adjacent 
27 hydrogens. For a molecule having two adjacent hydrogens 
the C-H wag frequency l i e s a t 880 - 795 cm . Present ly 
the absorption band with medium i n t e n s i t y a t 830 cm has 
been assigned t h i s mode. 
G9 
C - H ou t of p l a n e b o i d l n g v i b r a t i o n 
The C-H o u t of p l a n e b i d i n g v i b r a t i o n s a r e 
22 
u s u a l l y observed by S ingh and s i nha in t h e range 
- 1 
700 - 1000 cm for mono s u b s t i t u t e d a n i s i d i n e s and by 
28 Ansar i e t a l f o r Benzoic Acid , S a l i c y l i c Acid and 
_1 
P h t h a l i c Acid. The bands observed a t 740 and 720 cm 
w i t h medium i n t e n s i t y have been ass igned t h i s mode. 
2 .4 INFRARED SPECTRUM OF C d d ^ . ICH 
The i n f r a r e d spec t rum of c a c i ^ ICH in nu jo l 
has beffli recorded i n t h e range 4000 - 500 cm . In t o t a l 
25 bands have been observed and a r e l i s t e d i n Table 2.3 
a longwi th t h e i r i n t e n s i t i e s and a s s i g n m e n t s . 
The i m p o r t a n t f e a t u r e s of t h e spectrum of t h e 
cadium complex a r e t h a t t h e r e i s a complete a b s e i c e of 
t h e combination bands a p p e a r i n g in t h e 2200 - 2700 an 
r e g i o n . 
The N-H v i b r a t i o n f r e q u e n c i e s have been observed 
a t 3460 and 3270 cm whereas i n t h e spectrum of ICH(sol id) 
?a 
Table - 2.3 Infrared Vibrational frequencies of 
CdCl„«ICH and their assignments. 
Infrared Intensity Symmetry 
frequencies Species 
Assignments 
3 460 
3320 
3 270 
3 200 
2920 
2900 
2840 
1650 
1615 
1600 
1516 
1455 
1410 
1375 
1320 
1220 
1192 
1100 
1010 
884 
840 
740 
720 
670 
v» 
w 
m 
w 
S/ sh 
s 
s 
m 
w 
w 
w 
m 
w 
m 
w 
w 
w 
w 
w 
w 
w 
w 
w 
m, sh 
a' 
A' 
a' 
a' 
A' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
A' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
N-H asynunetric s t r e t c h i n g 
2 X 1650 = 3300 
N-H symmetric stretching 
N-H symmetric stretching 
2 X 1455 = 2910 
CH asymmetric stretching 
CH symmetric stretching 
C=0 stretching 
C=N stretching 
C=C stretching 
C=C stretching 
Pyridine ring breathing 
CH deformation 
C-N stretching 
2 X 670 = 13 40 
C-H i n - p l a n e bending 
C-H i n - p l a n e bending 
C-H i n - p l a n e bending 
N-N s t r e t c h i n g 
C-H o u t of p l a n e bending 
CH wagging 
CH o u t of p l ane bending 
CH o u t of p l ane bending 
C-C-C i n - p l a n e bending 
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the N-H asynmetric v ib ra t ion has not been observed. 
The i n t e n s i t y of C-H s t r e t c h i n g v ibra t ion i s decreased. 
Both the CH symmetric and asymmetric v ibra t ions 
aopear a t 2840 and 2900 dn with almost same i n t e n s i t i e s 
The C = 0 , C = N and C = C v ibra t ions appear a t 
nea r ly the same frequencies of 1655 an , 1615 cm and 
1516 cm though a decrease in i n t e n s i t y of the C = N 
and C = C v ibra t ion has be®i observed. The ring breathing 
v ib ra t ion of pyr id ine r ing appears a t 1455 an exact ly 
the same value as in so l id ICH. The C-N s t r e t ch ing v ib ra -
t ion frequency a lso appears a t the same value 1375 an 
with medium i n t e n s i t y . 
The second overtone of the C - C - C in plane 
-1 bending v ib ra t ion appears a t 1320 cm , Three C - H in 
p lane bending v ib ra t ions appear with weak i n t e n s i t i e s 
a t 1220, 1192 and 1100 em but the CH. twist ing v ib ra -
t ion a t 1295 cm i s miss ing . However t h i s mode has 
be«i recorded a t 1296 cm in the complex of mercury 
w i t h ICH. 
P ' l ' 12 
All the three C-H out of p lane bending f r e c u ^ c i e s 
a r e observed a t 884, 740 and 720 cm . The C-H wag 
-1 
v ibra t ion a l so appears a t 840 cm but with a weak appeara-
nce. The C - c - C in plane balding frequency observed 
in ICH so l id apoears a t 690 cm with a s imi l a r i n t e n s i t y . 
2,5 INFRARgP SPECTRUM OF Pfctd^, ICH 
The infrared spectrum of HgCL. ICH in nujol has 
been recorded in the range 4000 - 500 cm . In t o t a l 22 
bands have been observed. The frequencies of the bands, 
t he i r i n t e n s i t i e s and assignments have been l i s t e d in 
Table 2 .4 . 
The s a l i e n t features of the spectrum of the HgCl 
ICH a re s l i g h t l y d i f f e r en t from the spectrum of 03C1. 
ICH, The C-N s t r e t c h i n g v ibra t ion a t 1375 dn i s strong 
as compared to i t s i n t e n s i t y in the spectrum of CdCl^ICH. 
The C = N s t r e t c h i n g frequency tha t was sh i f ted to 
lower frequency ( a t 1615 cm ) in CdCl ICH now appears 
a t 1630 cm with medium i n t e n s i t y . The corresponding 
band has.been observed a t 1630 cm for ICH in s o l i d . 
'J 
Table - j | . 4 Infrared v i b r a t i o n a l frequencies of 
KgCl . ICH and t h e i r assignments. 
infrared __-
frequencies cm 
Intensity 
w 
w 
vw 
s 
S 
VW 
m 
m 
w 
m 
w 
s 
m 
S 
m 
w 
w 
m 
vw 
m 
m 
w 
m 
Symmetry 
Species 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a* 
a' 
a* 
a' 
a' 
a* 
a' 
a" 
a" 
a' 
Assignments 
3 460 
3260 
3020 
2900 
. 2840 
2740 
1645 
1630 
1600 
15 45 
1515 
1450 
1405 
1375 
1295 
1210 
1135 
1055 
1000 
835 
745 
715 
685 
N-H asyrranetric s t re tch ing 
N-H syttwietric s t re tching 
C-H s t re tch ing 
C-H_ asymmetric s t re tching 
CH- symmetric s t re tching 
1450 + 1295 = 2745 
C=0 s t re tch ing 
C=N s t r e t ch ing 
N-H in-p lane baiding 
C=C s t re tch ing 
0=C s t r e t ch ing 
Pyr id ine ring breathing 
r ing breathing 
C-N s t re tch ing 
CK, twist ing 
CH in-Dlane bending 
CH in -p lane bending 
N-N s t re tch ing 
C-H wagging 
CH out of plane beading 
CH out of plane beiding 
C-C-C in-plane bending 
V5 
-1 The N-H symmetric frequency observed a t 3190 on with 
medium i n t e n s i t y appears a t a higher frequency a t 3260 
cm with a weak i n t e n s i t y . In p l ace of two C-H s t r e t -
-1 -1 
chlng frequencies appearing a t 3160 cm and 3000 cm 
with medium i n t e n s i t y in ICH so lu t ion spectrum, none i s 
observed in ICH so l id as well as CdCl^ ICH solid but 
only one frequency a t 3020 cm with weak i n t e n s i t y has 
been observed in case of HgCl2 I<^« "^^^ v ibra t ional 
frequencies which do not appear a t the same place a re 
pyr id ine r ing breathing frequency. The band appears 
with s trong i n t e n s i t y in the ICH spectrum a t 1440 cm . 
The s h i f t of 15 cm in th i s v ib ra t ion utode may be taken 
as v a r i a t i o n and thus ring breathing frequency of 
pyr id ine shows s h i f t a f t e r complex formation. A simi-
l a r f ea tu re i s observed with C-H wag frequency (or ig ina-
ting from pyr id ine r i n g ) . The C-H wag frequency appears 
a t around 835 cm in the two spec t ra showing change in 
i t s p l a c e . 
There i s a negat ive s h i f t in the C - 0 mode 
frequency from 1670 cm to 1645 cm for Hgd^ I^^ ^^^ 
1650 cm for GdCl ICH. These observat ions c lea r ly 
77 
Show tha t carbonyl oxygen and pyr id ine nitrogen a r e 
the probable s i t e s through which coordination i s taking 
p l a c e . This conclusion has been fur ther strengthened 
in the next chapter when the complexes of copper^ 
manganese, cobal t and n icke l a re studied in far i n f r a -
red as we l l . 
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C H A P T E R - I I I 
INFRARED AINJD FAR INFRARED SPECTRA OF 
THS COiVlPLSXIS OP COPPER/ MANGANESE, 
COBALT AND NICKEL CHLORIDE T^TH ICH 
n 
3 .1 INTRODUCTION 
Acid hydraz ides and hydrazones a r e knovm to e x h i b i t 
s t r o n g a n t i b a c t e r i a l a c t i v i t i e s which a r e enhanced by 
1-3 
complexat ion w i t h meta l i o n s . In a d d i t i o n , they a r e 
4 Vised i n t h e s y n t h e s i s of h igh p o l y m e r s . The ccaiplexes 
of a r y l h y d r a z o n e s have been rejKsrted to a c t as i n h i b i t o r s 
f o r enzymes. Many s u b s t i t u t e d hydraz ides a r e employed 
in t h e t r e a t m e n t of p s y c h o t i c and p s y c h o n e u r o t i c cond i t ions 
and some hydrazones a r e a l s o found to be of a n a l y t i c a l 
u t i l i t y . Acid hydraz ides and hydrazones o f f e r cons ide r ab l e 
i n t e r e s t due to t h e i r e x c e l l e n t c h e l a t i n g p r o p e r t y and b i o -
l o g i c a l a p p l i c a t i o n in t h e f i e l d of medica l s c i e n c e s . They 
7-9 
a r e w e l l known f o r t h e i r a n t i t u b e r c u l a r a c t i v i t y . 
Cons ider ing t h i s i n v i ew, i n f r a r e d s p e c t r a of t r a n -
s i t i o n meta l complexes of 1 - i s o n i c o t i n y l 2-cyclohexyl idene 
hydraz ine has been s t u d i e d i n t h e n e a r and f a r i n f r a r e d 
- 1 
r e g i o n s i . e . i n t h e range 200-4000 cm and the v i b r a t i o n a l 
f r equ t f i c ies tave been a s s i g n e d . The s p e c t r a w i l l be he lp -
fu l i n n o t o n l y i d e n t i f i c a t i o n of t h e s e molecules q u a l i t a -
t i v e l y b u t i t can a l s o be u s e f u l in de t e rmin ing t h e . l e v e l 
of c o n c e n t r a t i o n of t h e s e complexes i n blood while being 
used as m e d i c i n e s . 
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3 .2 Exper imenta l D e t a i l s ; 
The complexes of Copper ( I I ) , Manganese ( 1 1 ) / 
Cobal t ( I I ) and Nicke l ( I I ) w i t h l - i s o n i c o t i n y l 2-Gyclo-
hexy l idene hydraz ine were p r e p a r e d and c h a r a c t e r i z e d by 
10 
t h e method of Lai e t a l g iven in d e t a i l in t h e second 
c h a p t e r of t h i s t h e s i s . The i n f r a r e d and f a r - i n f r a r e d 
s p e c t r a of ICH and t h e complexes were recorded on a 
- 1 SHIMADZU IR-435 Spec t ropho tome te r in the range 4000-200 era. 
The i n f r a r e d s p e c t r a of t h e complexes a r e given in Figs 
3 . 1 , 3 . 2 , 3 .3 and 3 . 4 , The i n f r a r e d s p e c t r a of ICH i s 
g iven in t h e p r ev ious c h a p t e r i n F i g s . 2 .1 and 2 , 2 . 
RESULTS AND DISOTSSIONt 
3 .3 I n f r a r e d Spectrum of C u d . ICH 
The i n f r a r e d spect rum of CaC].^»lCH has been recorded 
i n t h e range 4000 - 200 cm in n u j o l . In t o t a l twenty bands 
have b e e i observed and a r e l i s t e d in Table 3 ,1 a longwi th 
t h e i r i n t e n s i t i e s and a s s i g n m e n t s . The molecule belongs 
t o Cs p o i n t g roup . In Cs p o i n t group a ' v i b r a t i o n s a r e 
t o t a l l y syiranetric whereas a" v i b r a t i o n s a r e an t i symmet r i c . 
u 
T a b l e - 3 . 1 I n f r a r e d v i b r a t i o n a l f r e q u e n c i e s of 
Cuci . ICH and t h e i r a s s i g n m e n t s . 
- 1 I n f r a r e d f r e q u e n c i e s cm" I n t e n s i t y Symmetry 
S t s e c i e s 
Ass ignmen t s 
3 440 
2930 
2860 
1600 
1580 
1560 
1535 
1440 
1415 
1375 
1150 
1060 
lOOO 
935 
845 
770 
750 
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620 
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C=o s t r e t c h i n g 
C=N s t r e t c h i n g 
C=c s t r e t c h i n g 
C=c s t r e t c h i n g 
Fling b r e a t h i n g 
CH^ d e f o r m a t i o n 2 
C-N s t r e t c h i n g 
C-H i n - p l a n e b e n d i n g 
C-H i n - p l a n e b e n d i n g 
N-N s t r e t c h i n g 
C-K o u t of p l a n e b e n d i n g 
C-H wagging 
C-H o u t o f p l a n e b e n d i n g 
C-H o u t o f p l a n e b e n d i n g 
C-c-C i n - p l a n e b e n d i n g 
C-c-C i n - p l a n e b e n d i n g 
C-C-C b u t of p l a n e b e n d i n g 
C-C-C o u t of p l a n e b e n d i n g 
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A comparison of the v i b r a t i o n a l frequencies of 
the CuCl .ICH comolex with t ha t of the ICH v ib ra t i ona l 2 
frequencies (Table 2.1) i s given below, 
During the complex fortnation the v ib ra t iona l f r e -
quencies of those funct ional groups get affected tha t take 
p a r t in coordina t ion . The v ib ra t ion frequency of C = 0 
s t r e t ch ing mode has been affected the most. This v ibra t ion 
appearing a t 1650 cm as a s t rong band in ICH sol id now 
appears a t a much lower frequency of 1600 an in the 
complex as a s trong band. This factor very c l e a r l y i n d i -
cates tha t the oxygen of the carbonyl group i s taking pa r t 
in coordinat ion. The C = N s t r e t ch ing frequency a l so 
appears a t a lower va lue a t 1580 dn in p lace of 1630 cfn 
in ICH, The C = C s t r e t c h i n g frequencies a re appearing a t 
nea r ly the same p lace a t 1560 and 1535 era in the cc^nplex 
as s trong bands. The C - N s t r e t ch ing v ibra t ion mode also 
appears as a s t rong band a t 1375 cm, 
Another s trong v i b r a t i o n a l mode tha t appears as 
a strong band i s M - H asymtnetric mode a t 3440 cm . The 
frequsicy of t h i s mode of v ib ra t ion remains the same as 
observed in case of the complexes of Cadmium and Mercury 
in Chapter I I . 
m 
The CH asymmetric and aynraetric v ibra t ions appear 
a t the same p l ace with medium i n t e n s i t y a t 2930 and 2860 
-1 -1 
cm , The N -. H symmetric frequency t h a t appears a t 3200 on 
in ICH i s missing in the spectrum of the complex. 
3.4 I n f r a r ^ Spectrum of MnCl^ » ICH 
The inf ra red spectrum of iMnCl .ICH has be&n recorded 
in the range 4000 - 200 cm in n u j o l . in t o t a l twenty four 
bands have been observed and a re l i s t e d in Table 3,2 along 
with t h e i r i n t e n s i t i e s and assignments. Infrared spectra 
of a l a r g e number of complexes of manganese have been 
10 11 
studied by Bama & Butler and cr ichton and P res t . 
The main fea tures of the spectrum of the carolex 
Mnd .ICH as compared to the spectrum of ICH (Table 2.1) 
are given below. 
Unlike the spectrum of the complex of CUC1_* the 
C = 0 s t r e t c h i n g frequency remains unaffected and has been 
observed a t 1660 cm as a s trong band. 
The C = N s t r e t ch ing frequency has been reduced and 
i t appears a t 1590 cm as a s t rong band. This value i s 
Table - 3,2 Infrared v i b r a t i o n a l frecjuencies of 
MnCl . ICH and t h e i r assignments . 
B8 
Infrared _,^  intensity Symmetry 
frequencies an Species 
Assingmenta 
3440 
3 280 
3220 
3180 
2855 
1660 
1590 
15 45 
1495 
1415 
1360 
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860 
780 
755 
695 
660 
520 
S , b 
S 
5 
S 
m 
S 
S 
s 
m 
m 
m • 
m 
m 
S 
S 
m 
m 
w 
m 
w 
w 
s 
ra 
m 
a' 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
A* 
a ' 
a ' 
a ' 
a ' 
a ' 
a" 
a" 
a" 
a ' 
a ' 
a" 
N-H asymmetric stretching 
N-H symmetric stretching 
C-H stretching 
C-H stretching 
CH synunetric stretching 
C=0 stretching 
C=N stretching 
C=C stretching 
Ringh breathing 
CH deformation 
C-N stretching 
2 X 660 = 13 20 
C-H in-p lane bending 
C-H in-plane bending 
C-H in-plane bending 
C-H in-plane bending 
N-M s t re tch ing 
C-H out of plane bending 
C-H wagging 
C-H out of plane bending 
C-H out of plane bending 
C-C-C in-plane bending 
OC-C in-plane bending 
C-C-C out of plane bending 
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much lower as compared to t t e s im i l a r band frequency of 
1635 cm in ICH. The observat ion ind ica tes t ha t the 
n i t rogen of pyr id ine r ing i s taking p a r t in coordination. 
The C - N s t r e t c h i n g frequency which appears a t 
1360 cm as a medium band i s showing a s l i g h t s h i f t . 
The CH symmetric s t r e t c h i n g frequency appears a t 
2855 cm but the CH- asymmetric v ibra t ion band i s missing. 
Both N - H symmetric and N - H asymmetric v i b r a t i o -
nal mod-es a r e appearing as s t rong bands and s imi l a r i s the 
case with C - H s t r e t c h i n g f requencies . 
The N - N s t r e t c h i n g frequency appearing a t 1015 ' 
cm shows no change in i t s p l a c e . The v ibra t ion mode i s 
due to ni trogen atoms ou t s ide the pyr id ine r i n g . 
The C - H in plane bending v ib ra t ions a r e very 
s t rong and appear in the lOOO - 1200 on range. 
3.5 infrarpd Spectrum of OoCl^. ICH 
The infrared spectrum of OoClj-ICH has been recorded 
in the range 4000 - 200 cm in nu jo l . Twenty bands have 
91 
Table - 3.3 Infrared vibrational frequencies of 
CoCi^ ICH and their assignments. 
Infrared _^ intensity Symmetry 
frequencies an Specie 
Assignments 
3 400 
2850 
2355 
2320 
1645 
1600 
1545 
1500 
1420 
1335 
1210 
1140 
1065 
1020 
900 
850 
765 
705 
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540 
S , b 
m 
w 
w 
s 
s 
s 
m 
m 
m 
S 
m 
w 
w 
w 
w 
m 
m 
m 
m 
a ' 
a ' 
A' 
A" 
a ' 
a ' 
a* 
a* 
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a ' 
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a" 
a" 
a" 
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a ' 
a" 
N-H asymmetric stretching 
CH symmetric stretching 
1210 + 1140 = 2350 
1545 + 765 = 2310 
C=0 s t re tch ing 
C=w s t re tch ing 
C=C s t re tch ing 
C=C s t re tch ing 
Ring breathing 
ON s t re tching 
C-H in-plane bending 
C-H, in-plane bending 
C-H in-plane bending 
N-N s t re tch ing 
C-H out of plane bending 
C-H out of plane bending 
C-H out of plane bending 
C-C-C in-plane bending 
C-C-C in-plane bending 
C-C-C out of plane bending 
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been observed in t o t a l and they a re l i s t e d in Table 3.3 
alongwith the i r i n t e n s i t i e s and assignments. 
The infrared spec t ra of complexes of cooal t ( I I ) 
s a l t s with the hydrazides of cyclopropane-/ cyclopentane- , 
cyclohexane-, and cycloheptanecarboxylic , cyclopentaneacet ic/ 
cyclohexaneacetic and cyclohexanebutyric acids have been 
12 
studied by Ikekwere/ Pa t e l and Nwabueze / Ivanov and 
13 14 
Kalinlchenko , Sacco and Cotton / Boorman/ Craig and 
Swaddle , Dart e t a l and Nakamura e t a l . Extensive 
s tud ies of v ib ra t iona l spec t ra have been made on the dioxygen 
adducts of cobalt ammine and Schiff - base coiroLexes con-
18 18a 
ta in ing pyr id ine r ing by Nakamato e t a l and Baydor e t a l . 
The prominent f ea tu re of the spectrum of Ood^.ICH 
i s the absence of N - H symmetric v ib ra t iona l frequency 
observed a t 3 200 cm in ICH spectrum and a l so the absence 
of both the C - H s t r e t c h i n g frequencies observed a t 3160 
and 3000 in the spectrum of the l igand . Instead two 
combination bands of weak i n t e n s i t y a re recorded a t 2355 
and 23 20 onT^ 
94 
The C = 0 s t r e t ch ing frequency shows a s h i f t of 
- 1 -1 
25 cm towards the lower s i de as i t appears a t 1645 cm. 
A s h i f t towards lower s i de i s a l so observed in case of 
C = N s t r e t c h i n g frequency which i s of the order of 35 an 
as compared to ICH spectrum. These two changes a re i n d i -
c a t i v e of coordinat ion s i t e s during the complex formation. 
Unlike the above observat ion the two C = C s t re tching 
v i b r a t i o n a l frequencies remain unshifted as they appear 
a t 1545 cm and 1500 cm. The pos i t i ons of these two bands 
in the ICH spectrum i s 1545 cm and 1510 cm respec t ive ly . 
Tte r ing breathing frequency (1420 cm ) i s shi f ted 
s l i g h t l y towards lower s i d e . The C - N s t re tch ing f r e -
quency v ib ra t ion appearing a t 13 35 cm shows a not iceable 
change of 45 cm and ind ica t e s the involv^nent of the 
n i t rogen in complex formation. 
As compared to the above s h i f t s the N - N s t re tch ing 
—1 frequency (1020 cm ) i s not a f fec ted . The far infrared 
spectrum discussed in a r t i c l e 3.5 shows the presence of 
metal-oxygen and metal -ni t rogen bands which supports the 
above mentioned s h i f t s in v i b r a t i o n a l f requoic ies . 
95 
3.6 infrarecl Spectram o£ m c i . ICH 
The bes t known example of the Nickel ( I I ) complex 
i s b is dimethylglyoxime which i s used for the gravimetric 
determination of n i c k e l . Kitagawa e t al" have made the 
most complete s tudy of Ni complexes of Octaethylporphyrin 
(OEP). They have measured the v i b r a t i o n a l spectra of Ni 
(OEP) with the help of infrared and Resonance Raman spectra 
and made band assignments of a l l the in -p lane porphyrine-
32 
core v i b r a t i o n s . Kincaid e t a l obtained mat r ix - i so la t ion 
infrared spect ra of Ni-conplexes. 
The points which a re worth not ing in the spectrum 
of the complex of n icke l i s again the absQ:ice of three 
v ibra t ion frequencies; N - H synroetric (3200 cm ) , c - H 
s t re tch ing (3160 cm ) and second c - H s t re tch ing (3000 
on ) bands. 
The C = b s t r e t ch ing frequency shows a s izeable 
lower a ide s h i f t of 60 cm s ince i t i s appearing a t 
1610 cm as a s t rong band as compared to i t s place a t 
1670 cm in ICH spectrum. 
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Table - 3.4 Infrared vibrational frequencies of 
.ViCI-.ICK and their assignments. 
Infrared _^ Intensity Symmetry Assignments 
frequencies (cm ) ' ^^ . •' 
Snecies 
3 440 
2925 
2855 
2360 
1610 
1580 
1540 
1445 
1380 
1245 
1220 
1160 
1060 
1020 
935 
850 
760 
700 
660 
S, b 
S 
m 
w 
S 
s 
s 
w 
s 
w 
w 
w 
w 
w 
w 
w 
in 
S 
m 
a* 
a ' 
a ' 
A" 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
a ' 
a" 
a" 
a" 
a ' 
N-H asymmetric stretching 
CH- asymmetric stretching 
CH symnetric stretching 
1610 + 760 = 2370 
C=0 s t re tch ing 
C=N s t re tch ing 
C=C s t re tching 
Ring breathing 
ON s t re tch ing 
C-H in-plane bending 
C-H in-plane bending 
C-H in-plane bending 
C-H in -p i one beading 
N-N s t re tching 
C-H out of plane bending 
C-H wag 
C-H out of plane balding 
C-H out of plane bending 
C-C-C in-plane beading 
w 
o 
o 
CO 
o 
o 
10 
o 
o 
CP 
o 
o' 
o 
o 
o 
o 
o 
o 
o 
D 
O 
CP 
CVl 
o 
o 
to 
o 
o 
O 
o 
y; eDUui;r)fujsuujj^ 
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The C = N s t r e t ch ing v ib r a t i ona l frequency I s 
a l so affected due to complex formation and in the complex 
-1 -1 
spectrum i t appears a t 1580 cm showing a s h i f t of 50 cm 
as compared to ICH spectrum. The meta l -n i t rog^i band has 
a l so been observed with s trong i n t e n s i t y for cobal t com-
lex in the far - inf rared region (^3.7). 
The C = C s t r e t c h i n g frequency remains completely 
-1 
unaffected and appears a t the same place a t 1540 cm as a 
s t rong band. The C - N s t r e t c h i n g frequency and the N - N 
s t r e t c h i n g frequencies a l so remain undisplaced and appear 
a t the same oos i t i on . Thus change in C = N s t re t ch ing 
frequency shows the involvement of the pyr id ine ring n i t ro-
gen in complex formation. The fa r infrared spectrum 
fur the r supports th i s conclusion. 
3.7 Far-Infrared Spectra of the Complexes 
The far - inf rared spec t ra of the complexes of 
Manganese/ Cobalt, Nickel and CUpric Chlorides have been 
recorded in the range 550 - 200 cm range in nu jo l . The 
spec t ra a r e given in F igs . 3.1 to 3.4 and around e ight 
bands have been iden t i f i ed for each complex. The band 
frequencies for the complexes a r e given in Table 3 , 5 . . 
d9 
T a b l e - 3 , 5 Fa r i n f t a r e d s p e c t r a of t h e complexes o f 
cu ( I I ) , Mn ( I I ) , CO ( I I ) and Ni ( I I ) C h l o r i d e 
w i t h ICH (600 - 200 cm 
CUCI .ICH _MnCl .ICH OoCl^.ICH N i d . l O i 
—1 —1 "1 —1 
f r e q u ^ i c i e s ( c m 7 f r e q u e n c i e s (cm; f r e q u e n c i e s (ciii; f r e q u e n c i e s (cm) 
5 5 0 w 520 m 540 m • 540 m 
490 w 445 w 480 w 480 ra 
400 w 415 w 340 m 420 w 
340 w 380 w 295 w ( s h ) 395 w 
3 20 w 3 40 w 275 m 280 m ( s h ) 
290 w 290 w ( s h ) 260 m 265 m 
270 m ( s h ) 265 m ( s h ) 235 S 240 S ( s h ) 
240 S ( s h ) 240 S 210 S ( s h ) 
215 S 
13 
The metal- l igand bond s t r e t c h i n g and bending 
19 
v ib ra t ions occur in the low frequency region (below 
-1 500 cm ) because of the r e l a t i v e l y heavy mass of the 
metal and low value of the assoc ia ted force constant . The 
spec t r a l s tudy of th i s region has, therefore / been under-
taken to ge t some information about raetal-nitrogoi and 
metal-oxygen bonds. 
V(Metal-Nitrogen) modes; 
20 '>! 
Hil l and Rosenberg and Kobayashi and Fuj i ta" 
have suggested the metal-ni t rogen s t r e t c h i n g v ibra t ions 
to occur in 850 - 650 cin region in the ammine complexes. 
I t has been shown/ however, t t e t these bands are due to 
22 the NH- rocking modes. Nut ta l and sharp have reported 
the metal ni t rogen v ib ra t ions to occur around 400 dn in 
metal ( I I ) ammines. Barrow e t a l have assigned y(M-N) 
in ammonia complexes in 500 - 300 cm region, Sacconi 
24 
and Sabat ini have also assigned th i s v ibra t ion in 
hydrazine complexes. In metal pyr id ine complexes, metal-
ni trogen frequencies have been assigned as low as 240 cm. 
M - N St re tching frequencies in M (BIPY)^ ''"^  type 
25 
compounds have been studied in d e t a i l s and the following 
frequencies have been observed! 
Jk. '-J • ^ 
y(Mn - N) 224, 191 cm"^  
yCCb - N) 266, 228 cm 
•)j(Ni - N) 282, 258 cm"'' 
V(Cu - N) 2 9 1 , 268 cm^ 
Aggarawal and Rao have ass igned V(M-N) modes 
in 3 25 - 300 cm in t h e t r a n s i t i o n metal complexes of 
27 Acetone i s o n i c o t i n o y l hydrazone . Duggal and Agarwala 
have r epo r t ed the m e t a l - n i t r o g e n f r equenc ies i n the 
_1 
310 - 260 cm reg ion f o r t r a n s i t i o n metal ( I I ) complexes 
of t r i d e n t a t e hyd razones . In pyr id inecarboxamide comp-
lexes of Oo ( I I ) , Ni ( I I ) and Cu ( I I ) bands in 263 - 210 
-1 
cm are assigned to y(M-N) modes. 
In the light of the above discussion the bands 
lying in the range 270 - 215 cm may therefore be assigned 
to metal nitrogoi in the Mn (II), Co (II), Ni (II) and 
Cu (II) complexes of 1- isonicotinyl 2- cyclohexylidene 
hydrazine: 
•i)(Mn - N) 240, 215 cm^ 
^(00 - N) 260, 235 cm^ 
)^ (Ni - N) 265, 240 cm''" . 
^^ (Cu - N) ^ 270, 240 cm-^  
V (Metal-Oxygen) modes 
Metal-oxygen modes u s u a l l y o c c u r below 500 cm in 
28 29 
the complexes of b i v a l e n t m e t a l s w i t h oxygen donors . 
These rDodes a r e r epo r t ed in me*al a c e t y l - a c e t o n a t e s a t 
450 cm and in oxala teo comolexes a t 540 and 400 cm . 
Narang and Singh have r e p o r t e d V(M-O) modes between 
350 - 330 cfii in d i a c e t y l o x a l d i h y d r a z i d e and d i a c e t y l 
ma lond ihyd raz ide . In p y r i d i n e c a r b o x a m i d e complexes of 
Oo ( I I ) , Ni ( I I ) and CU ( I I ) bands in 286 - 256 dn a r e 
a s s igned to '^(M-O) modes. Aggarwal and Rao have ass igned 
)^(M-0) modes in 420 - 370 cm reg ion in t r a n s i t i o n metal 
complexes of a ce tone i s o n i c o t i n o y l hydrazone. 
On t h e b a s i s of t he fo rego ing d i s c u s s i o n , the 
a b s o r p t i o n bands in t h e range 340 - 400 cm in 1- i son ico -
t i n y l 2 - cyc lohexy l idene h y d r a z i n e Complexes of Mn ( I I ) , 
03 ( I I ) , Ni ( I I ) and CU ( I I ) a r e a t t r i b u t e d to ^(M-O), 
where M s t a n d s f o r metal atom. 
')) (Mn - O) 380 cm 
y (Cb - O) 3 40 cm 
>'(Ni - O) 395 cm^ 
^(Cu - 0) 400 cm 
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